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s p e c i f i e d  p e r io d  o f  t im e .
w a te r - s o lu b le  f r a c t i o n  -  P o r t io n  o f  p e tro le u m  h y d ro c a rb o n s  
w hich  i s  d i s s o lv e d  in  w a te r .
n a p h th a le n e  - d in u c l e a r  a ro m a tic  h y d ro c a rb o n ; , C10H8 l 
s o l u b i l i t y  i n  w a te r  = 2 0  ppm; p r e s e n t  m  c ru d e  
and  r e f i n e d  o i l s .
ABSTRACT
A d u lt i n t e r m o l t  b lu e  c ra b s  ( C a l l i n e c t e s  s a p id u s  
R athbun) w ere  s te p w is e  a c c l im a te d  to  s a l i n i t y  a t  22-25  °C . 
R e s p i r a to r y  and  c i r c u l a t o r y  r e s p o n s e s  w ere  i n v e s t i g a t e d  in  
s te a d y  s t a t e  s a l i n i t y  (5 ,  10 , 20 and 30 o /o o ) ,  d i u r a a l l y  
f l u c t u a t i n g  s a l i n i t y  (3 0 -1 0 -3 0  o /o o ,  1 0 -3 0 -1 0  o /o o ) ,  and 
d u r in g  2 4 -h  e x p o su re  t o  w a te r - s o lu b le  n a p h th a le n e  a t  0 , 
37.5% (0 .9  ppm) and 75% (1 .8  ppm) o f  th e  2 4 -h  TLm in  a 
f lo w  th ro u g h  sy s te m  a t  10 and 30 o /o o S . No s te a d y  s t a t e  
s a l i n i t y - r e l a t e d  d i f f e r e n c e s  o c c u r re d  in  v e n t i l a t i o n  volum e 
(Vw) , oxygen e x t r a c t i o n  e f f i c i e n c y  ( E ) , oxygen u p ta k e  (VO2 ) , 
h e a r t b e a t  f re q u e n c y  (Fjj) , s t r o k e  volum e (SV ), c a r d ia c  o u t ­
p u t  (Q ), p o s t -  and p r e - b r a n c h i a l  oxygen t e n s io n s  (PAO2 ,
PV02 ) and  oxygen c o n te n t s .  P r o t e in  and c o p p e r c o n c e n tr a ­
t i o n s ,  pH and i n  v i t r o  hemolymph P^g w ere  h ig h e r  i n  c ra b s  
a t  10 0 / 0 0  th a n  a t  30 0 / 0 0 S. R esp o n ses to  s a l i n i t y  f l u c ­
t u a t i o n  w ere a f f e c t e d  by a c c l im a t io n  s a l i n i t y .  D uring  
3 0 -1 0 -3 0  0 / 0 0  f l u c t u a t i o n s  l i t t l e  change o c c u r re d  i n  b lo o d  
flo w  and  oxygen c o n te n t .  Vw and VO2  changed  i n v e r s e l y  w ith  
s a l i n i t y .  PAO2  and PVO2  and hem ocyanin  oxygen a f f i n i t y  
d e c re a s e d . S a l i n i t y  f l u c t u a t i o n s  o f  1 0 -3 0 -1 0  0 / 0 0  e l i c i t e d ,  
d e c re a s e d  f h- SV and Q a s  s a l i n i t y  was in c r e a s e d  from  10 to  
30 0 / 0 0 . A f te r  96 -h  o f  f l u c t u a t i o n ,  mean Fjj, SV and Q w ere 
s l i g h t l y  e le v a te d  o v e r  O-h c o n t r o l s .  P e r c e n t  oxygen
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e x t r a c t i o n ,  VC^, b lo o d  O2 t e n s io n  and  c o n te n t  d e c re a s e d  
d u r in g  1 0 -3 0 -1 0  0 / 0 0  f l u c t u a t i o n s ,  w h i le  hem ocyanin  O2  
a f f i n i t y  re m a in e d  c o n s t a n t .  P r o t e i n  and  c o p p e r  c o n c e n t r a ­
t i o n s  w ere  u n a l t e r e d  d u r in g  96 h o u rs  o f  s a l i n i t y  f l u c t u a ­
t i o n ,  r e g a r d l e s s  o f  d i r e c t i o n .
No s a l i n i t y  r e l a t e d  d i f f e r e n c e  e x i s t e d  i n  th e  TLm 
o f  b lu e  c ra b s  ex p o sed  t o  n a p h th a le n e .  The p o o le d  s a l i n i t y  
2 4 -h  n a p h th a le n e  TLm was 2 .4  ppm. R esp o n se s  to  n a p h th a le n e  
d i f f e r e d  w i th  a c c l im a t io n  s a l i n i t y .  C rab s a t  10 0 / 0 0 S 
e x h ib i t e d  i n c r e a s e d  V , V09 and  p r e b r a n c h ia l  pH, and d e -W M
c r e a s e d  hemolymph O2  t e n s io n  i n  3 7 .5  and  75% TLm. SV, Q 
and  body w a te r  i n c r e a s e d ,  w h i le  hemolymph o s m o la l i ty  d e ­
c r e a s e d  5 5 -7 6  mOsm d u r in g  e x p o su re  to  75% TLm -  10 0 / 0 0 S.
In  v i t r o  oxygen  a f f i n i t y  was in c r e a s e d  a t  3 7 .5  and  75%
TLm a t  30 0 / 0 0  and  37.5%  TLffi a t  10 0 / 0 0 . C. s a p id u s  a t  
30 0 / 0 0  h ad  in c r e a s e d  V , VO2 , FH, SV and Q, and  d e c re a s e d  
PAO2 and  PVO2  d u r in g  e x p o s u re  to  3 7 .5  and 75% TLffi o f  
n a p h th a le n e .  D o se -d e p e n d e n t a l k a l o s i s  o c c u r r e d  i n  hemo­
lymph o f  b lu e  c ra b s  a c c l im a te d  to  30 0 / 0 0 S.
CHAPTER I
T i t l e :  R e s p i r a to r y  and C i r c u l a t o r y  R esp o n ses  o f  t h e
B lu e  C rab , C a l l i n e c t e s  s a p id u s  t o  S a l i n i t y
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INTRODUCTION
The b lu e  c r a b ,  C a l l i n e c t e s  s a p id u s  R athbun  (1 8 9 6 ) , 
i s  a  p re d o m in a n t member o f  e s t u a r i n e  com m unities a lo n g  th e  
G u lf  o f  M exico. I n  t h i s  r e g io n  h a b i t a t s  f o r  b lu e  c ra b s  
ra n g e  from  f r e s h  w a te r  t o  h y p e r s a l in e  la g o o n s  (P o w ers , 1 9 7 7 ). 
T o le ra n c e  to  su ch  a w ide  ra n g e  o f  s a l i n i t y  h a s  r e n d e re d  C. 
s a p id u s  th e  s u b je c t  o f  num erous i n v e s t i g a t i o n s  o f  o sm o tic  
and i o n i c  r e g u l a t i o n  (M a n te l, 1967; C opeland  and F i t z j a r r e l ,  
1968; B a l la r d  and  A b b o tt ,  1969; T a g a tz ,  1971; Lynch e t  a l . ,  
1973; Towle e t  a l . ,  1976; F in d le y  and S t i c k l e ,  1978; N e u fe ld  
e t  a l . , 1 9 8 0 ). R e s is ta n c e  t o  s a l i n i t y  change  i s  a  n e c e s s i t y  
f o r  a  swimming c ra b  w hose l i f e  h i s t o r y  in v o lv e s  a n n u a l move­
m ents b e tw een  e s t u a r i n e  and o c e a n ic  w a te r  m a sse s .
In  a d d i t i o n  t o  d i f f e r i n g  am b ien t s a l i n i t y  c o n d i t io n s  
e n c o u n te re d  due to  m ig r a t io n  p a t t e r n s  o f  th e  c r a b ,  th e  
e s t u a r i n e  e n v iro n m en t im poses a l t e r e d  s a l i n i t y  c o n d i t io n s  
on s e a s o n a l  and d a i l y  b a s e s .  R a i n f a l l ,  e v a p o r a t io n  and 
r i v e r  d is c h a r g e  c o n t r i b u t e  t o  s e a s o n a l  o r  lo n g - te rm  s a l i n i t y  
c h a n g e s , w h i le  w inds and  t i d e s  a r e  th e  c a u s a t iv e  a g e n ts  f o r  
s h o r t - t e r m  f l u c t u a t i o n s  o f  s a l i n i t y .  A l l  o f  th e  above p h y s i ­
c a l  f a c t o r s  in f lu e n c e  s a l i n i t y  i n  b ay s  and e s t u a r i e s  a lo n g  
th e  L o u is ia n a  c o a s t l i n e .  S h o r t - te rm  s a l i n i t y  ch an g es  may 
hav e  p a r t i c u l a r  c o n se q u e n c e s  on th e  m e ta b o lism  o f  o rg an ism s  
d w e l l in g  in  t h e s e  w a te r s .  The e x i s te n c e  o f  d i u r n a l  s a l i n i t y
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f l u c t u a t i o n s  in  th e  e s t u a r i e s  o f  L o u is ia n a  i s  now w e l l  e s t a b ­
l i s h e d  (H ew a tt, 1954; S t i c k l e  and Howey, 1975; S a b o u r in  and 
S a i n t s in g ,  u n p u b l i s h e d ) .
S e v e ra l  s t u d i e s  h a v e  c o n c e rn e d  th e  e f f e c t s  o f  se m i­
d iu r n a l  a n d /o r  d iu r n a l  s a l i n i t y  f l u c t u a t i o n s  on m a rin e  and 
e s t u a r i n e  fa u n a  ( f o r  re v ie w  s e e  S t i c k l e  and Shumway, 1 9 8 1 ). 
Few have  d e a l t  w i th  th e  o s m o re g u la tin g  c r u s ta c e a n s .  F in d le y  
and  S t i c k l e  (1978) and F in d le y  e t  a l .  (1978) i n v e s t i g a t e d  
th e  hemolymph c o m p o s it io n  and oxygen u p ta k e  (V C ^), r e s p e c ­
t i v e l y ,  o f  C. s a p id u s  d u r in g  s a l i n i t y  f l u c t u a t i o n s .  S a b o u r in  
and S t i c k l e ,  (1980) o b se rv e d  o sm o tic  r e g u l a t i o n  and oxygen 
co n su m p tio n  o f  th e  s t r i p e d  h e rm it  c r a b ,  C l ib a n a r iu s  v i t t a t u s . 
B oth  s p e c ie s  a r e  io n  and o sm o tic  r e g u l a t o r s  b e lo w , and co n ­
form  to  s a l i n i t i e s  a b o v e , 25-27  o /o o . An in v e r s e  r e l a t i o n ­
s h ip  b e tw een  VO2  and  e i t h e r  f l u c t u a t i n g  o r  a c c l im a te d  
s a l i n i t y  o c c u rs  f o r  b o th  s p e c ie s  (F in d le y  e t  a l . ,  1978; 
S a b o u rin  and  S t i c k l e ,  1 9 8 0 ).
An in v e r s e  r e l a t i o n s h i p  b e tw een  s a l i n i t y  and VO2  was 
a l s o  r e p o r t e d  f o r  th e  o s m o re g u la tin g  d ecap o d s C. s a p id u s  
(K ing , 1965; E n g e l and E g g e r t ,  1 9 7 4 ) , C a rc in u s  m aenas 
(T a y lo r ,  1977; T a y lo r  e t  a l . ,  1977a) and C rangon v u l g a r i s  
(H agerm an, 1 9 7 0 ) , u s in g  d i f f e r e n t  te c h n iq u e s  o f  s a l i n i t y  
a d ju s tm e n t .  H ow ever, th e  l a c k  o f  a  s a l i n i t y  e f f e c t  on VO2  
was d e m o n s tra te d  f o r  th e  two p o r tu n id s  C. s a p id u s  ( L a i rd  and 
H a e fn e r , 1976; B a t t e r to n  and  Cameron, 1978) and  C. m aenas 
(T a y lo r  e t  a l . ,  1 9 7 7 a ).
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Oxygen u p ta k e  in  c ra b s  i s  t h e  r e s u l t  o f  a  com plex 
p h y s io lo g ic a l  p ro c e s s  in v o lv in g  th e  p a r t i c i p a t i o n  o f  a  v e n ­
t i l a t o r y .  pump ( s c a p h o g n a th i te )  and a  c a r d ia c  pump ( h e a r t ) , 
w h ich  s e rv e  t o  d e l i v e r  w a te r  and  hemolymph to  th e  r e s p i r a ­
t o r y  s i t e  o f  g a s  exchange  on th e  g i l l  s u r f a c e .  C o u n te r-  
c u r r e n t  f lo w  o f  t h e  two f l u i d s  i s  e s t a b l i s h e d  in  th e  mode 
o f  fo rw a rd  v e n t i l a t i o n .  F orw ard  v e n t i l a t i o n  i s  a c h ie v e d  by 
th e  c r e a t i o n  o f  n e g a t iv e  p r e s s u r e  i n  t h e  b r a n c h ia l  cham ber 
v i a  s c a p h o g n a th i te  b e a t s  (Hughes e t  a l . , 1 9 6 9 ) , e n t r y  o f  
w a te r  i n t o  th e  p o s t e r i o r  g i l l  cham ber th ro u g h  th e  M iln e -  
Edw ards o p e n in g s  a t  t h e  b a s e  o f  th e  f i r s t  w a lk in g  l e g ,  and  
e x p u ls io n  o f  w a te r  th ro u g h  th e  m o u th p a r ts  v i a  t h e  e x h a le n t  
a p e r tu r e  o f  th e  a n t e r i o r  b r a n c h ia l  cham ber. The r e s p i r a ­
t o r y  p ig m e n t, hem ocyan in , i s  p r e s e n t  in  v a r i a b l e  t i t r e s  in  
c ra b  hemolymph and s e r v e s  t o  f a c i l i t a t e  oxygen lo a d in g  and 
u n lo a d in g  a t  t h e  g i l l s  and t i s s u e s .  Jo h a n se n  e t  a l . ( 1 9 7 0 )  
and Mangum and W ieland  (1975) d e te rm in e d  t h a t  hem ocyanin  
t r a n s p o r t s  a p p ro x im a te ly  80-90% o f  th e  hemolymph oxygen 
t h a t  i s  d e l iv e r e d  from  g i l l s  to  t i s s u e s  i n  two b ra c h y u ra n  
c ra b s  C ancer m a g is te r  and  C. s a p id u s .
An u n d e rs ta n d in g  o f  t h e  m e ta b o l ic  r e s p o n s e s  and 
a d a p ta t i o n  t o  s a l i n i t y  i n  an  o s m o re g u la tin g  c ra b  r e q u i r e s  
a  fu n d a m e n ta l know ledge o f  th e  oxygen d e l i v e r y  p r o c e s s ,  how­
e v e r ,  t h e r e  a r e  some c o n f l i c t i n g  r e s u l t s  f o r  C. m ae n as . 
T a y lo r  (1977) d e te rm in e d  t h a t  an in c r e a s e d  VO2 a f t e r  a b ru p t  
s a l i n i t y  t r a n s f e r  to  low  s a l i n i t y  ( 1 2  0 / 0 0 ) was accom pan ied
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b y  in c r e a s e d  h e a r t  r a t e  and v e n t i l a t i o n  volum e. L ik e w ise , 
Hume and B e r l in d  (1976) found  t h a t  h e a r t  r a t e s  in c r e a s e d  
upon t r a n s f e r  t o  any  s a l i n i t y  b e tw een  20 and  75% s e a  w a te r .  
T a y lo r  e t  a l .  (1 9 7 7 a ) , w o rk in g  w i th  th e  same s p e c i e s ,  d id  
n o t  f i n d  s im u lta n e o u s  i n c r e a s e s  i n  h e a r t  r a t e  and v e n t i l a ­
t i o n  volum e w i th  in c r e a s e d  VO2  a f t e r  t r a n s f e r  from  3 3 .4  to  
17 0 / 0 0 S.
A c o m b in a tio n  o f  e x t r i n s i c  and i n t r i n s i c  f a c t o r s  
p ro b a b ly  c o n t r i b u t e  t o  t h e  d i f f e r e n c e s  o b s e rv e d . Mangum 
(1976) n o te d  t h a t  t h e  a c t u a l  s a l i n i t y  may b e  im p o r ta n t .  A 
d i f f e r e n c e  o f  3 -5  0 / 0 0  b e tw een  " lo w  s a l i n i t i e s "  may be  
c r i t i c a l  i n  te rm s  o f  r a t e  f u n c t io n s  g o v e rn ed  by n e u r a l  and 
horm onal sy s te m s . C o l le c t i o n ,  h a n d l in g ,  f e e d in g  and  s a l i n ­
i t y  a d ju s tm e n t  te c h n iq u e s  v a ry  c o n s id e r a b ly  b e tw een  l a b o r a ­
t o r i e s .  S u b t le  and even  p ro n o u n ced  changes in  p h y s io lo g ic a l  
p ro c e s s e s  can  b e  m asked by  th e s e  v a r i a t i o n s  (R e g n a u lt ,  1981; 
S t i c k l e  and  Shumway, 1981; Bayne and  Thompson, 1 9 7 0 ). I n  
a d d i t i o n ,  s e a s o n a l i t y  may be  a  v e ry  im p o r ta n t  d e te r m in a te  o f  
b o th  s p e c i f i c  and  g e n e r a l i z e d  re s p o n s e s  t o  s a l i n i t y  change  
i n  c r u s ta c e a n s  (S a b o u r in  and  S t i c k l e ,  1 9 8 0 ). U n f o r tu n a te ly ,  
few  a u th o r s  m e n tio n  th e  t im e  o f  y e a r  d u r in g  w h ich  i n d i v i d ­
u a l s  a r e  c o l l e c t e d  and s u b je c te d  t o  e x p e r im e n ta t io n .
The p r e s e n t  i n v e s t i g a t i o n  c o n c e rn s  th e  r e s p o n s e  and 
a d a p ta t io n  o f  C. s a p id u s  t o  s te a d y  s t a t e  and d i u m a l l y  
f l u c t u a t i n g  s a l i n i t y .  Com ponents o f  th e  r e s p i r a t o r y  and 
c i r c u l a t o r y  sy s te m s w hich  s e rv e  t o  t r a n s p o r t  oxygen f o r
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s u s t a i n e d  m e ta b o l ic  p e rfo rm a n c e  u n d e r  d i f f e r i n g  e n v iro n m e n ta l  
c o n d i t i o n s  w ere  s t u d i e d .
MATERIALS AND METHODS
C o l l e c t i o n  and  M a in te n a n c e
S ta g e  i n t e r m o l t  a d u l t  b lu e  c r a b s  (D rach  and
T c h e m ig o v tz e f  f , 1967) w e re  t r a p p e d  i n  p o t s  o r  c a g e s  i n  t h e  
v i c i n i t y  o f  G rand I s l e ,  L o u is ia n a ,  a t  v a r io u s  t im e s  o f  th e  
y e a r  from  1979 t o  1981 . They w ere  t r a n s p o r t e d  t o  LSU in  
B a ton  Rouge and p la c e d  i n  s t a t i c  o r  r e c i r c u l a t i n g  a q u a r i a  
e q u ip p e d  w i th  c ru s h e d  o y s t e r  s h e l l  f i l t e r s  a t  t h e  m easu red  
f i e l d  s a l i n i t y  and  room te m p e r a tu re  (2 2 -2 5 ° C ) . I n s t a n t  
O cean s e a  s a l t s  (A quarium  S y s tem s, I n c . )  and  d e io n iz e d  w a te r  
w ere  u s e d  t o  m a in ta in  and a d j u s t  s a l i n i t i e s .  The te rm  " s e a  
w a te r "  w i l l  r e f e r  t o  an y  p r e s c r i b e d  m ix tu r e  o f  t h e s e  
com pounds.
C rabs w e re  h e ld  i n  t h e  l a b o r a t o r y  u n d e r  c o n s ta n t  
a r t i f i c i a l  i l l u m i n a t i o n  and w e re  f e d  c lam s (R a n g ia  c u n e a ta )  
3 -4  t im e s  p e r  w eek . F e e d in g  was su sp en d e d  t h r e e  d ay s  b e f o r e  
an  e x p e r im e n t was i n i t i a t e d .  S a l i n i t y  o f  e a c h  a q u a riu m  was 
a d ju s te d  upw ard  ( a d d i t i o n  o f  40  o /o o  s e a  w a te r )  o r  downward 
( a d d i t i o n  o f  d e io n iz e d  w a te r )  b y  in c re m e n ts  o f  2 o /o o  p e r  
d ay  u n t i l  t h e  d e s i r e d  s a l i n i t y  was r e a c h e d .  I n  m ost c a s e s  
c r a b s  w e re  m a in ta in e d  a t  t h e  f i n a l  s a l i n i t y  f o r  1 0 -1 4  day s 
b e f o r e  u s e  in  e x p e r im e n ts .  C rab s  h e ld  u n d e r  t h e s e  c o n d i ­
t i o n s  w e re  c o n s id e r e d  s a l i n i t y  " a c c l im a te d "  w i th  r e s p e c t  t o
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th e  v a r i a b l e s  m ea su re d . Some c ra b s  w ere  h e ld  i n  t h e  la b  
f o r  a  lo n g e r  d u r a t i o n ,  b u t  no in d iv id u a l  h e ld  lo n g e r  th a n  
25 day s a t  a  s a l i n i t y  was u se d  in  e x p e r im e n ts .
M ost m easu rem en ts ta k e n  in  t h i s  s tu d y  r e q u i r e d  some 
form  o f  s u rg e ry .  C rabs w ere  h e ld  o v e rn ig h t  b e f o r e  any p o s t ­
s u rg e ry  m easu rem en ts w ere  ta k e n .  D uring  c o n d i t io n s  w here  
a  t im e  c o u rs e  o f  sam p les w ere  r e q u i r e d ,  th e  c o n t r o l  d e t e r ­
m in a t io n s  w ere  made (h o u r 0 ) .  The tim e  c o u rs e  was i n i t i a t e d  
im m e d ia te ly  a f t e r  th e  h o u r  0  sa m p lin g .
S a l i n i t y  A d ju s tm e n ts
A m bient s e a  w a te r  s a l i n i t y  was m o n ito re d  w i th  a 
h a n d -h e ld  r e f r a c to m e te r  (A m erican  O p t ic a l  C o rp .)  ch eck ed  
a g a i n s t  a v a p o r  p r e s s u r e  osm om eter (W escor M odel 5100B ).
F o r e x p e r im e n ta l  m easu rem en ts 5 -8  c ra b s  w ere  p la c e d ,  u n r e ­
s t r a i n e d ,  in  i n d iv id u a l  com partm en ts o f  2 x  0 .3  x  0 .2 5  
m e te r  p l e x i g l a s s  ta n k s  h o ld in g  16-18  l i t e r s  o f  th e  a p p ro ­
p r i a t e  s a l i n i t y .  In  th e  s te a d y  s t a t e  s a l i n i t y  c o n d i t io n  
an  a d d i t i o n a l  30 -40  l i t e r s  o f  s e a  w a te r  was c o n tin u o u s ly  
r e c i r c u l a t e d  th ro u g h  each  ta n k  by  a p e r i s t a l t i c  pump (C o le  
P arm er In s tru m e n t  C o .) a t  a  f lo w  r a t e  o f  5 -10  l i t e r s  p e r  
h o u r .  S te a d y  s t a t e  s a l i n i t i e s  w ere  5 , 10 , 20 and 30 o /o o .
S a l i n i t y  was f l u c t u a t e d  by th e  m ethod o f  S t i c k l e  and 
Ahokas (1 9 7 4 ) . B lu e  c ra b s  w ere  a c c l im a te d  to  e i t h e r  h ig h  
(30 o /o o )  o r  low  (10 o /o o )  s a l i n i t y  and s u b je c te d  to  
d iu r n a l  c y c le s  o f  3 0 -1 0 -3 0  o r  1 0 -3 0 -1 0  o /q o ,  r e s p e c t i v e l y .
C rabs w ere  p la c e d  i n  a p l e x i g l a s s  ta n k  h e ld  a t  f ix e d  volum e 
o f  18 l i t e r s  v i a  a s ip h o n . The e q u a t io n  o f  W ells  and 
Ledingham  (1940) was u se d  to  c a l c u l a t e  th e  n e c e s s a r y  f lo w  
r a t e  (F) o f  e i t h e r  40 o /o o  s e a  w a te r  (change  from  10 to  30 
O /oo) o r  d e io n iz e d  w a te r  (ch an g e  from  30 to  10 o /o o )  :
F  = V • U n(C 0  -  C p  • ln (C c -  Cfa • (Tf  -  T . ) - 1  
w here F = f lo w  r a c e  i n  m l-m in  ; V = volum e o f  ta n k  i n  m l;
T^ and a r e  th e  i n i t i a l  and f i n a l  t im e s ;  CQ i s  th e  
s a l i n i t y  o f  w a te r  to  be pumped i n t o  th e  ta n k ;  Ci  and  Cf  
a r e  th e  i n i t i a l  and  d e s i r e d  f i n a l  s a l i n i t y .
F o r a  d iu r n a l  c y c le  th e  s a l i n i t y  was changed  20 
o /o o  in  1 0  h o u r s ,  h e ld  c o n s ta n t  f o r  2  h o u rs  ( to  s im u la te  
s l a c k  t i d e ) ,  changed  2 0  o /o o  i n  1 0  h o u rs  to  r e t u r n  to  th e  
c o n t r o l  s a l i n i t y  a t  h o u r  2 2 , and h e ld  c o n s ta n t  u n t i l  h o u r  
24 . I n  some c a s e s  f o u r  c y c le s  (96 h o u rs )  o f  s a l i n i t y  f l u c ­
t u a t i o n  w ere  ru n .  The p e r i s t a l t i c  pumps m oving 0 and 40 
o /o o  w a te r  w ere  c o n t r o l l e d  by a  program m able  c y c le  t im e r  
(C hem ica l D ata  S y s tem s, I n c .  Model 4 0 0 ) .
M easurem ents and A n a ly se s
H e a r tb e a t  f re q u e n c y  was d e te rm in e d  by  im p la n ta t io n  
o f  3 -4  cm le n g th s  o f  In t r a m e d ic  T u b ing  h o u s in g  b a th y th e rm o ­
g rap h  w ire  (S ip p ic a n  C o rp .)  i n to  h o le s  d r i l l e d  th ro u g h  th e  
c a ra p a c e  on b o th  s id e s  o f  t h e  p e r i c a r d i a l  c a v i ty  (F ig u re  1 ) .  
C a re  was ta k e n  so  a s  n o t  t o  p e n e t r a t e  th e  h y p o d e rm is . The 
tu b e s  w ere  h e ld  i n  p l a c e  w i th  d e n ta l  wax (L a c to n a  S u rg id e n t)  
and  5 m in u te  epoxy g lu e  (S c o tc h  B ra n d ) . The c o p p e r  w ire  
s e rv e d  a s  an  in p u t  i n t o  an  im pedence  c o n v e r te r  (T ransm ed
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F ig u re  1 . C a l l i n e c te s  s a p id u s . D iagram  o f  a  b lu e  c ra b  
show ing p o s i t i o n s  o f  mask and h e a r t  e l e c t r o d e s .  
Hemolymph sam p les w ere  ta k e n  by  s y r in g e  from  th e  
p e r i c a r d i a l  c a v i ty  and  a t  th e  b a s e  o f  th e  w a lk in g  







S c i e n t i f i c  Model 2 9 9 1 ) . H e a r tb e a t  f r e q u e n c ie s  w ere  
d is p la y e d  on a Beckman D ynagraph Model 511A R e c o rd e r.
M easurem ent o f  v e n t i l a t i o n  volum e and  oxygen te n s io n s  
o f  e x p ir e d  s e a  w a te r  w ere  a cc o m p lish e d  by f i t t i n g  th e  c ra b s  
w i th  a  p l a s t i c  m ask. U rostom y b ag s  ( H o l l i s t e r  I n c . ,  9") 
w ere  fo u n d  to  b e  b e s t  s u i t e d  f o r  t h i s  p u rp o se  s in c e  th e y  
a r e  c l e a r  an d , t h e r e f o r e ,  do n o t  o b s t r u c t  t h e  v i s i o n  o f  th e  
b lu e  c r a b . Masks w ere  c u t  su c h  t h a t  o n ly  th e  ey es and m outh- 
p a r t s  w ere  e n c lo s e d ,  l e a v in g  th e  M ilne-E dw ards o p en in g s  
u n o b s t r u c te d .  M asks w ere  s e a le d  w i th  d e n ta l  wax and 5 
m in u te  epoxy g lu e .
Two m ethods w ere  u se d  f o r  th e  d e te r m in a t io n  o f  
v e n t i l a t i o n  volum e (Vw) , I n i t i a l l y ,  an o v e rf lo w  sy s tem  
was c o n s t r u c te d  su ch  t h a t  a  c ra b  was r e s t r a i n e d  in  a  p l e x i ­
g l a s s  e x p e r im e n ta l  cham ber, w h i le  a  d r a in  tu b e  w a s -c o n n e c te d  
to  th e  m ask. V e n t i l a t e d  s e a  w a te r  was c o l l e c t e d  i n  a  g ra d ­
u a te d  c y l i n d e r .  S e c o n d ly , a  b lo o d  flo w  t r a n s d u c e r  ( I n  
Vivo M e tr ic s ,  Model K, 4 mm lumen d ia m e te r )  was a t t a c h e d  
t o  th e  m ask o f  an  u n r e s t r a i n e d  c r a b .  V e n t i l a to r y  flo w  was 
r e c o rd e d  a s  mean f lo w  w i th  a  B io t r o n ix  Model 610 E l e c t r o ­
m a g n e tic  F low m eter. C a l i b r a t i o n  was a c h ie v e d  by  pum ping 
s e a  w a te r  a t  known flo w  r a t e s  th ro u g h  th e  t r a n s d u c e r  
a sse m b ly . Z ero  v e n t i l a t i o n  was s e t  by p la c in g  a  f i n g e r  
o v e r  th e  t r a n s d u c e r  lum en d u r in g  a  p e r io d  o f  ap n o ea  f o r  
e ach  c ra b .
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Oxygen t e n s io n s  o f  e x p ir e d  s e a  w a te r  (PEO2 ) w e re  
m easu red  b y  d raw in g  a  sa m p le  from  w i t h in  t h e  m ask i n t o  a  
s y r in g e  e q u ip p e d  w i th  a  l e n g th  o f  P E -90 tu b in g .  The sam p le  
was i n j e c t e d  i n t o  a R a d io m e te r  BMS3 Mk2 B lood  M icro  System  
and t h e  r e s u l t a n t  oxygen t e n s io n  m ea su re d  w i th  an E5047 O2  
e l e c t r o d e  r e a d  on an  a n a lo g  R a d io m e te r  PHM 71 A c id -B a se  
A n a ly z e r . The a n a ly z e r  o u tp u t  was o f t e n  d i s p la y e d  on an 
O m n isc rib e  S t r i p  C h a r t  R e c o rd e r  (H o u sto n  I n s t r u m e n t s ) .
Oxygen t e n s io n s  o f  a m b ie n t s e a  w a te r  (PVO2  i n s p i r e d  oxygen 
te n s io n )  w ere  d e te rm in e d  i n  a  s i m i l a r  m an n er, P r e -  an d  p o s t -  
b r a n c h ia l  hemolymph oxygen  t e n s io n s  (PVO2 , PAO2 ) w ere  
d e te rm in e d  b y  sa m p lin g  w i th  a  2 5 -g u a g e  n e e d le  c o n n e c te d  t o  
an  i c e d  s y r in g e  from  t h e  b a s e  o f  t h e  3 rd  o r  4 th  w a lk in g  l e g  
and  th e  p e r i c a r d i a l  c a v i t y ,  r e s p e c t i v e l y .  T h ese  sam p les 
w ere  im m e d ia te ly  i n j e c t e d  i n t o  th e  R a d io m e te r  B lood  M icro 
S ystem . S im i la r  sa m p le s  o f  p r e -  and  p o s t - b r a n c h i a l  hemo- 
lym ph w ere  ta k e n  f o r  pH d e te r m in a t io n  (R a d io m e te r  pH 
e l e c t r o d e  G299A). The c l o t t i n g  c h a r a c t e r i s t i c s  o f  b lu e  
c ra b  hemolymph r e n d e r e d  t h i s  p ro c e d u re  a  m o st d i f f i c u l t  
t a s k .  P r e c a u t io n s  w e re  ta k e n  to  c le a n  and  r e c a l i b r a t e  
oxygen and pH e l e c t r o d e s  im m e d ia te ly  a f t e r  r e a d in g  e a c h  
hemolymph sa m p le .
Oxygen c o n te n t  o f  p r e -  and  p o s t - b r a n c h i a l  hemo­
lymph (CVO2  an d  CAO2 ) was d e te rm in e d  by  l a y e r in g  hemolymph 
sam p le s  u n d e r  m in e r a l  o i l  i n  0 .4  m l p o ly e th y le n e  tu b e s  and  
c e n t r i f u g i n g  f o r  5 m in u te s  a t  1 0 ,0 0 0  x g (Beckman Model
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152 M ic ro fu g e ) . A 50 u l  hemolymph sam ple  was m ixed  w ith  
a  s o l u t io n  o f  0 . 2% p o ta s s iu m  f e r r i c y a n i d e  and th e  r e s u l t ­
a n t  oxygen t e n s io n  m easu red  a s  d e s c r ib e d  by  L av er e t  a l .  
(1 9 6 5 ).
S in c e  th e  m a jo r i ty  o f  th e  p r o t e i n  in  c ra b  hemolymph 
i s  hem ocyanin  (H orn and  K e r r ,  1969) and  b e t t e r  th a n  93% 
o f  th e  c o p p e r  i s  bound to  hem ocyanin  (M a rtin  e t  a l t , 1977) 
th e  L e v e ls  o f  p r o t e i n  and c o p p e r  w ere  d e te rm in e d  a s  an 
i n d i c a t i o n  o f  hem ocyanin  c o n c e n t r a t io n .  T ru c h o t (1978) 
d e te rm in e d  t h a t  hem ocyanin  a c c o u n ts  f o r  a p p ro x im a te ly  90% 
o f  th e  serum  p r o t e i n s  o f  s t a g e  C. m aenas a d u l t s .  Hemo­
lymph se r iu m  p r o t e i n  c o n c e n t r a t io n s  w ere  a s s e s s e d  by  d i ­
l u t i n g  c e n t r i f u g e d  sam p les 10-20  f o ld  w ith  T r is  s-K Cl b u f f e r  
(pH 7 .6 )  and  m ix in g  d u p l i c a t e  sam ples w i th  B io-R ad  P r o t e in  
Dye R eagen t (B io*R ad L a b o r a to r i e s ) .  B ovine serum  album en 
(BSA) was u se d  a s  a p r o t e i n  s ta n d a r d .  H orn and  K e rr  
(1963) s t a t e d  t h a t  BSA and ly o p h i l i z e d  hem ocyanin  had  
i n d i s t i n g u i s h a b l e  s ta n d a r d  c u rv e s .  C opper c o n c e n t r a t io n s  
w ere  m easu red  w i th  a  P e r k in  E lm er Model 305B A tom ic 
A b s o rp tio n  S p e c tro p h o to m e te r  on c e n t r i f u g e d  hemolymph 
serum  sam ples w h ich  w ere  d i l u t e d  4 1 - f o ld  w i th  d e io n iz e d  
w a te r .  Copper s u l f a t e  was u se d  a s  a  c o p p e r s ta n d a r d .
I n  some c a s e s  hem ocyan in -oxygen  d i s s o c a t io n  c u rv e s  
w ere  d e te rm in e d  on hemolymph sa m p le s . The a r t h r o d i a l  
membrane a t  t h e  b a s e  o f  th e  sw im m eret was p u n c tu re d  w ith  
an  18 -guage  n e e d le  and  hemolymph was c o l l e c t e d  a f t e r  th e
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c l o t  was e x p re s s e d  th ro u g h  c h e e se  c l o t h .  The hemolymph 
sam ple  (3 -1 0  m l) was g e n t ly  c e n t r i f u g e d .  R e q u ire d  d i l u t i o n s  
o f  th e  sam ple  w ere  o b ta in e d  u s in g  0 .4 - 0 .4 5  M NaCl. D is ­
s o c i a t i o n  was d e te rm in e d  s p e c t r o p h o to m e t r ic a l ly  a s  th e  
oxygen t e n s io n  was g r a d u a l ly  re d u c e d  in  a  vacuum m anom eter 
sy s te m . C om plete d i s s o c a t i o n  was a c h ie v e d  by  a d d i t i o n  o f  
a  few g r a in s  o f  N a - d i t h i o n i t e  t o  th e  hemolymph sam p le .
D uring  th e  e x p e rim e n ts  w here  s e v e r a l  hemolymph 
sam p les w ere  ta k e n  o v e r a  tim e  c o u rs e  two g ro u p s o f  c r a b s ,  
o f  e q u a l  sam ple  s i z e ,  w ere  b le d  i n  a l t e r n a t e  h o u r s .  T h is  
re d u c e d  p o s s ib l e  e f f e c t s  o f  d e c re a s e d  b lo o d  volum e.
C a lc u la t io n s
P e r c e n t  oxygen e x t r a c t i o n  from  am b ien t s e a  w a te r  
was c a l c u l a t e d  from  i n s p i r e d  (PIO2 ) and  e x p ir e d  (PEO2 ) 
oxygen t e n s io n s :
E, % = [ (P I0 2  -  PE02 ) • PIO2 " 1 ] • 100
P e rc e n t  oxygen e x t r a c t i o n  from  hemolymph by t i s s u e s  
was c a l c u l a t e d  from  oxygen c o n te n ts  (CAO2 , CVO2 ) :
Eh l*  % = ICCAO2 -  CV02) * CAO2 " 1 ] • 100
Oxygen u p ta k e  was c a l c u l a t e d  by th e  F ic k  p r i n c i p l e  
from  th e  i n s p i r e d  and  e x p ir e d  oxygen t e n s io n s ,  v e n t i l a t i o n  
volum e and th e  oxygen s o l u b i l i t y  c o e f f i c i e n t ,  ctwg2 :
v o 2 = t (P I0 2 -  peo2 ) • »w02] • Vw
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w here  awQ2 (m^02 * 1” ^ ’ t o r r " ^ )  was d e r iv e d  by  i n t e r p o l a ­
t i o n  from  th e  t a b l e s  o f  G reen  and C a r r i t t  (1967) : F I0 2 anti
PEO2  = O2 t o r r ;  Vw = ml ' m in” ^ • c ra b  "V  T hus, VO2  i s  
i n  u n i t s  o f  m l02 ' • mih**^ * c ra b ”^ . W e ig h t- s p e c i f i c  oxygen 
u p ta k e  in c lu d e s  w et and d ry  w e ig h t c o n s i d e r a t i o n s .
F ic k  e s t im a te s  o f  c a r d i a c  o u tp u t  w ere  d e te rm in e d  
from  oxygen u p ta k e  and  oxygen c o n te n t  d i f f e r e n c e  in  p o s t -  
a n d  p r e b r a n c h ia l  hemolymph:
Q = V02 /CA02 -CV02
w here  V02 i s  i n  mlC^ * kg w et w t" ^ , (CAC^-CVC^) i s  in  
ml02 • ml hemolymph- ^ , and  Q i n  ml hemolymph - kg w e t w t“^ • 
m in " l .  A c o r r e c t i o n  f a c t o r  o f  5% was s u b t r a c t e d  from  VO2 
p r i o r  to  c a l c u l a t i o n  to  a c c o u n t f o r  oxygen co nsum ption  by 
g i l l  e p h i t h e l i a  a s  c a u t io n e d  by  B u rn e t t  e t  a l .  (1 9 8 0 ) .
S tro k e  volum e was d e te rm in e d  from :
SV = q / f h
and  h a s  th e  u n i t s  o f  ml hemolymph • h e a r t b e a t " ^ .
V i t a l  and  E x p e r im e n ta l  S t a t i s t i c s
F o llo w in g  each  e x p e r im e n t s e x , c a ra p a c e  w id th  (c m ), 
and  w e t w e ig h t was re c o rd e d  f o r  each  c ra b .  Each c ra b  was 
th e n  oven d r i e d  a t  80° C f o r  48 h o u rs  and d ry  w e ig h t was 
r e c o rd e d .
A l l  d a ta  i n  t a b l e s  o f  t h i s  r e p o r t  a r e  e x p re s s e d  
a s  m eans + s t a n d a r d  e r r o r s  o f  th e  m ean. The S t a t i s t i c a l  
A n a ly s is  S ystem  (SAS I n s t i t u t e  I n c . ,  1979) GLM p ro c e d u re
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was u se d  in  t h i s  s tu d y  a s  a  p ack ag e  f o r  s t a t i s t i c a l  t r e a t ­
m ent o f  t h e  d a ta .  L in e a r  r e g r e s s io n s  w ere  c a l c u a l t e d  f o r  
d e p en d e n t v a r i a b l e s  on c a ra p a c e  w id th , w et w e ig h t and  d ry  
w e ig h t .
One-way a n a ly s i s  o f  v a r i a n c e  (ANOVA) was u se d  to  
d e te rm in e  th e  s i g n i f i c a n c e  o f  v a r i a t i o n  among means f o r  
t r e a tm e n t  g ro u p s . D u n c an 's  m u l t i p l e  ra n g e  t e s t  (P < 0 .0 5 )  
and L e a s t  S q u a re s  Means (LS MEANS) w ere  u se d  to  a s c e r t a i n  
s i g n i f i c a n t  g ro u p in g s  and e s t im a te  m eans d u r in g  tim e  c o u rs e  
e x p e r im e n ts .  The d i f f e r e n c e  p r o b a b i l i t y  o p t io n  o f  LS MEANS, 
s i m i l a r  to  th e  L e a s t  S i g n i f i c a n t  D if f e r e n c e  p ro c e d u re  ( S t e e l  
and  T o r r i e ,  1960) was im p lem en ted  to  ju d g e  d i f f e r e n c e s  
b e tw een  m eans.
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BESULTS
P e a rs o n  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  th e  c a ra p a c e  
w id th s ,  w et w e ig h ts  and  d ry  w e ig h ts  ( in c lu d in g  e x o s k e le to n )  
o f  c ra b s  u se d  i n  t h i s  i n v e s t i g a t i o n  w e re : c a ra p a c e  w id th /
w et w e ig h t ,  0 .7 9 5 5 ; c a ra p a c e  w id th /d r y  w e i g h t ,0 .7 4 2 3 ; w et 
w e ig h t /d ry  w e ig h t,  0 .9 0 6 2 . A l l  c o r r e l a t i o n s  w ere  s i g n i ­
f i c a n t  a t  t h e  P < 0 .0 0 0 1  l e v e l .  C a rap ace  w id th  ra n g e d  
from  8 .1  t o  1 7 .8  cm (mean +  s . e ,  = 1 4 .6  + 0 ,3 ) ,  Wet 
w e ig h t ra n g e d  from  49 to  299 g (1 5 8 ,1  + 8 .7 ) .  Dry w e ig h t 
ra n g e d  from  11 t o  64 g (3 9 ,8  + 1 . 9 ) .  No s t a t i s t i c a l l y  
s i g n i f i c a n t  sex  d i f f e r e n c e s  w ere  fo u n d . I n  some c a s e s  to o  
sm a ll  a  sam ple  s i z e  made a  t e s t a b l e  h y p o th e s is  f o r  sex  
im p o s s ib le .
S te a d y  S t a t e  S a l i n i t y .
L in e a r  and  lo g a r i th m ic  r e g r e s s io n s  r e v e a le d  t h a t  
h e a r t b e a t  f re q u e n c y  d id  n o t  v a ry  d i r e c t l y  w i th  w et o r  d ry  
w e ig h t (P > 0 .0 5  f o r  i n d iv id u a l  t r e a tm e n ts  and  com bined 
d a t a ) . T a b le  1 l i s t s  h e a r tb e a t  f r e q u e n c ie s  f o r  c ra b s  
a c c l im a te d  t o  d i f f e r e n t  s a l i n i t i e s  d u r in g  d i f f e r e n t  s e a s o n s . 
S p ann ing  th e  a c c l im a t io n  ra n g e  o f  5 to  30 o /o o S , no s i g n i ­
f i c a n t  d i f f e r e n c e s  i n  h e a r t  r a t e  due to  s a l i n i t y  o c c u r r e d .  
B lue  c ra b s  a c c l im a te d  t o  10 o /ooS  d u r in g  F e b ru a ry  had  
re d u c e d  h e a r t b e a t  f r e q u e n c ie s  com pared to  10 o /o o  a c c l im a te d  
c ra b s  i n  Ju n e  (P < 0 .0 5 ,  D uncan). The h e a r t  r a t e s
Table 1
C a l l i n e c t e s  s a p i d u s . H e a r tb e a t  f r e q u e n c ie s  
(Fjj , b e a t s  ■min- -*-) r e c o rd e d  f o r  s te a d y  
s t a t e  s a l i n i t y  a c c l im a te d  c r a b s .
S a l i n i t y  (o /o o ) M onth n f h
30 F e b ru a ry 8 57 t  9
Ju n e 5 7 5 - 7
D ecem ber 5 70 ±  11
20 Augus t 5 6 3 + 3
10 F e b ru a ry 6 59 +  9
Ju n e 5 85 ±  10
Decem ber 6 75 +  12
5 A ugust 5 70 + 10
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r e c o rd e d  i n  December d id  n o t  d i f f e r  from  e i t h e r  Ju n e  o r  
F e b ru a ry . No s e a s o n a l  ch an g es i n  h e a r t b e a t  f re q u e n c y  
e x i s t e d  f o r  c r a b s  a t  30 o /o o .
V e n t i l a t i o n  volum e (ml • m in” ^) v a r i e d  s i g n i f i ­
c a n t ly  w i th  b o th  w e t and  d ry  w e ig h t a c c o rd in g  to  th e  
r e l a t i o n s h i p s :
lo g  Vw = (0 .7 1  +  0 .4 1 )  + (0 ,5 1 3  + 0 ,2 0 1 ) lo g  w e t w t
and
lo g  Vw = (1 .0 0 5  + 0 .3 5 3 ) + (0 .5 2 7  + 0 .2 4 7 ) lo g  d ry  wt 
No s i g n i f i c a n t  d i f f e r e n c e s  w ere  fo u n d  f o r  v e n t i l a t i o n  volum e 
b e tw een  s a l i n i t i e s  and  s e a s o n s  (TABLE 2 ) .  The v e n t i l a t i o n  
volum e f o r  an  a v e ra g e  s i z e d  c ra b  o f  120 g w et w e ig h t was 
6 0 + 4  m l* m in " l. The v e n t i l a t i o n  volum es r e c o rd e d  w ere  
s i l i l a r  f o r  b o th  o v e rf lo w  and flo w m ete r m easurem ent 
te c n h iq u e s .  W here h e a r t b e a t  f re q u e n c y  and v e n t i l a t i o n  
volum e w ere  r e c o rd e d  on th e  same c ra b s  a  s i g n i f i c a n t  
c o r r e l a t i o n  d id  n o t  e x i s t  b e tw een  t h e  two v a r i a b l e s  
(P > 0 .3 8 , P e a rs o n  C o r r e l a t i o n ) .
TABLE 3 sum m arizes th e  g as t r a n s p o r t  v a r i a b l e s  
m easu red  f o r  d i f f e r e n t  s e a s o n s  and a c c l im a t io n  s a l i n i t i e s .  
Oxygen e x t r a c t i o n  e f f i c i e n c y  (E ) , p o s tb r a n c h ia l  oxygen 
t e n s io n  (PAO^) and oxygen te n s io n  o f  th e  venous r e s e r v e  
(PAO2  -  PVO2 ) w ere  h ig h e r  i n  c ra b s  a c c l im a te d  to  30 o f 00 
d u r in g  November th a n  F e b ru a ry . L ik e w ise , oxygen c o n te n t  
( in c lu d in g  b o th  p ig m en t-b o u n d  and d is s o lv e d  oxygen) o f
Table 2
C a llin e c te s  eap ldua . V e n tila tio n  volumes (Vw) recorded  fo r  steady  s ta te
s a l i n i t y  acclim ated  c rab s .
S a l in i ty  (o /oo) Month Method n Mean Wet Wt(g) Vw(ml-kg wet- *-min- *) Mean Dry Wt(g) Vw(ml-g dry’ ^-min*1)
30 June Flowmeter 5 114.3 + 22,5 552 ± 62 29.4 + 4 .5 2.07 + 0.19
Dec Overflow 5 123.0 + 24.8 548 ± 16 26.4 t 4 .2 2.48 ± 0.53
10 June Flowmeter 5 122.0 + 16.9 530 t  46 31.4 i 2 .4 2.01 t  0.21
Dec Overflow 6 120.1 t 19.2 550 t 95 25.2 t  5 .4 2.72 + 0.52
O
Table 3
Callinectes sapidus. Values of measured respiratory and circulatory variables for 
steady state salinity acclimated crabs at 22-25 OC.
Salinity PI02 PE02 E PA02 PV02 PAO--PVO, CA02 CV02 CAO,-CVO,
(0/00) Month n (torr) (torr) (7.) (torr) (torr) (torr) (vols7.) (vols7.) (vClsX)





June 5 142 - - - - - 1.35+0.12 0.75*0.07 0.61+0.09 44.2*4.3
Nov 6 145 68+9 53.3+6.5 58+6 20+3 38*7 - - - -










June 5 141 - - - - - 1.71*0.17 0.75+0.12 0.96+0.16 55.7*6.3
Nov 6 147 74+5 49.8*3.5 46+5 14+2 33+4 - - - -





*Satnple size Is in parentheses if other than listed value for n.
22
p r e -  and  p o s tb r a n c h ia l  hemolymph w ere  lo w er i n  F e b ru a ry  
th a n  Ju n e  c ra b s  a t  30 o /o o , b e c a u se  p e r c e n t  hemolymph 
oxygen e x t r a c t i o n  by t i s s u e s  was h ig h e r  in  F e b ru a ry  th a n  
Ju n e  (P < 0 .0 5 , S tu d e n t  t - t e s t ) . P r e -  and  p o s tb r a n c h ia l  
oxygen c o n te n t  (CAO2 , CV02 ) and  d i f f e r e n c e  (CA02 -  CV02 ) 
w ere  h ig h e r  f o r  Ju n e  c ra b s  th a n  th o s e  ta k e n  in  F e b ru a ry  
f o r  C. s a p id u s  a c c l im a te d  to  10 0 / 0 0 . C o n s id e r in g  summer 
c r a b s  o n ly  (Ju n e  -  A u g u s t) , oxygen c o n te n t  o f  p r e -  and  
p o s tb r a n c h ia l  hemolymph was lo w er a t  5 0 / 0 0  th a n  10, 20 
and  30 0 / 0 0 . The h ig h e s t  mean t i s s u e  oxygen e x t r a c t i o n  
from  b lo o d  (E j^ )  was a l s o  r e c o rd e d  in  5 0 / 0 0  c r a b s .
P r o t e in  and c o p p e r  c o n c e n t r a t io n s  w ere  d e te rm in e d  
to  a s s e s s  t h e  r e l a t i v e  l e v e l s  o f  hem ocyanin  a t  30 and  10 
0 / 0 0 . P r o t e in  and c o p p e r c o n c e n t r a t io n s  d id  n o t  d i f f e r  
w i th in  a  s a l i n i t y  b e tw een  s e a s o n s  (TABLE 4 ) .  Mean v a lu e s  
f o r  hemolymph serum  p r o t e i n  and c o p p e r te n d e d  t o  b e  h ig h e r  
a t  10 0 / 0 0  th a n  30 0 / 0 0 , b u t  th e s e  d i f f e r e n c e s  w ere  
s i g n i f i c a n t  o n ly  f o r  c ra b s  sam pled  in  November.
The oxygen u p ta k e  r a t e  o f  b lu e  c ra b s  a c c l im a te d  to  
30 and  10 0 / 0 0 S d u r in g  Novem ber-Decem ber was 495 +  60 
and  549 +  39 VIO2 • g d ry  w t" l  • h ” \  r e s p e c t i v e l y .  T hese  
r a t e s  do n o t  d i f f e r  s t a t i s t i c a l l y .  F ic k  e s t im a te s  o f  
c a r d ia c  o u tp u t  showed no a c c l im a t io n  s a l i n i t y - r e l a t e d  
d i f f e r e n c e s  and Q v a r i e d  from  189 -  378 ml • kg  w et w t” -*- • 
m in " l  o r  0 .9  -  1 . 0 m l  * g d ry  w t- ^ • m in“ \  C a rd ia c  o u tp u t  
ra n g e d  from  23 -  45 ml • m in - ^ • crab"^-. C o n s id e r in g
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Table 4
C a l l i n e c te s  s a p id u s . Hemolymph serum  p r o t e i n  
and c o p p e r  c o n c e n t r a t io n s  when a c c l im a te d  
to  s te a d y  s t a t e  s a l i n i t y  a t  22 -25°C . 
Sam ple s i z e  g iv e n  in  p a r e n th e s e s .
P r o t e in (m g.m l- 1 ) C opper (ug-m l )
S a l i n i t y  (o /o o )  F e b ru a ry November F e b ru a ry  November
30 34+5 (8 ) 28+3 (10) 62+11 (8) 54+9 (9 )
(1 5 -5 3 )* (1 0 -3 3 ) (1 5 -9 6 ) (32 -1 1 1 )
NS P <  0 .0 0 2 NS P < 0 .0 5
10 41+5 (6 ) 43±6 (9 ) 81+16 (6 ) 83+9 (9 )
(2 3 -5 7 ) (1 5 -5 8 ) (3 7 -1 4 7 ) (43 -1 2 1 )
*Range o f  in d iv id u a l  m easu rem en ts lo c a te d  below  mean and 
s ta n d a rd  e r r o r .
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0 .4  ml a s  t h e  a v e ra g e  h e a r t  vo lum e o f  a  c ra b  w e ig h in g  125 g 
w e t w e ig h t  (a p p ro x im a te d  from  d eF u r and  Mangum, 1 9 7 9 ) , 
t h e  h e a r t b e a t  f re q u e n c y  s h o u ld  r a n g e  from  57 -  112 b e a t s  • 
m in - ^ t o  d e l i v e r  2 3 -4 5  m l • m in” ^ o f  hemolymph t o  th e  
t i s s u e s .  C a lc u la te d  s t r o k e  volum e a t  m ea su re d  h e a r t  r a t e s  
r a n g e d  from  0 .2 7  -  0 .7 6  m l * b e a t - '*' (mean +  s . e .  = 0 ,4 6  +  
0 .1 2 )  u n d e r  s t e a d y  s t a t e  s a l i n i t y  c o n d i t io n s  w ith  no  
a p p a r e n t  s a l i n i t y  e f f e c t .
P r e -  and  p o s t b r a n c h i a l  hemolymph pH d i f f e r e d  u n d e r  
s te a d y  s t a t e  s a l i n i t y  c o n d i t i o n s  a t  b o th  30 and  10 o /o o  
(TABLE 5 ) .  R eco rd ed  mean p r e -  an d  p o s t b r a n c h i a l  pH was 
h ig h e r  in  c r a b s  a c c l im a te d  t o  10 o /o o  th a n  th o s e  a t  30 o /o o .  
The s i g n i f i c a n c e  o f  t h i s  s l i g h t  c h an g e  i n  c i r c u l a t i n g  body 
f l u i d  pH i s  a d d re s s e d  i n  te rm s  o f  oxygen d e l i v e r y  i n  a  
l a t e r  s e c t i o n  a lo n g  w i th  t h e  r e s p o n s e  t o  s a l i n i t y  f l u c t u a t i o n .
F l u c t u a t i n g  S a l i n i t y  (3 0 -1 0 -3 0  o /o o  R egim e) ,
When c ra b s  w ere  a c c l im a te d  t o  30 o /o o  an d  s u b je c t e d  
t o  d i u r n a l ,  3 0 -1 0 -3 0  o /o o ,  s a l i n i t y  fluctuations h e a r t  r a t e s  
(Fjj) ch an g ed  i n  an  i n v e r s e  m anner w i th  t h e  s a l i n i t y  o f  th e  
medium (FIGURE 2 ) .  AN0VA f o r  t im e  e f f e c t s  was 0 .0 0 6 3 .
D u n c a n 's  m u l t i p l e  ra n g e  t e s t  show ed t h a t  FH a t  h o u r  12 
and  h o u r  36 w as s i g n i f i c a n t l y  h ig h e r  th a n  h o u r  0 an d  h o u r  
16 th ro u g h  h o u r  24 , b u t  was n o t  d i f f e r e n t  from  h o u r  48 an d  
h o u r  96 . Mean Fjj r e c o r d e d  a t  h o u r  48 and  h o u r  96 d id  
n o t  d i f f e r  from  c o n t r o l  F ^ ,
25
T a b le  5
C a l l i n e c t e s  s a p id u s . P r e b r a n c h ia l  and  p o s tb r a n c h ia l  
hemolymph pH when a c c l im a te d  to  s te a d y  s t a t e  
s a l i n i t y  a t  22-25 °C.
S a l i n i t y  (o /o o ) Month n
P r e b r a n c h ia l
pH
P o s tb r a n c h ia l
PH
30 Ju n e 11 7 .5 8  + 0 .0 4 7 .7 5  ±  0 .0 4
P < 0 .0 1 P < 0 .0 5
10 Ju n e 11 7 .7 1  + 0 .0 4 7 .8 3  ±  0 .0 2
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F ig u re  2 , C a l l i n e c t e s  s a p id u s . Time c o u rs e  o f  n o rm a liz e d  
h e a r t b e a t  f re q u e n c y  d u r in g  3 0 -1 0 -3 0  o /o o  s a l i n i t y  
f l u c t u a t i o n .  S a l i n i t y  i s  i n d ic a t e d  by s h a d in g . Sample 
s i z e  i s  5 . V e r t i c a l  l i n e s  r e p r e s e n t  s ta n d a r d  e r r o r s  
o f  th e  p l o t t e d  m ean. V a lu es  above a s t e r i s k s  a r e  s t a ­
t i s t i c a l ,  p r o b a b i l i t y  d i f f e r e n c e s  o f  th e  mean from  
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T r a n s ie n t  ch an g es o c c u r re d  in  v e n t i l a t i o n  volum e, 
how ever, t h e  change was n o t  a s  p ro n o u n ced  a s  change  in  
h e a r t b e a t  f re q u e n c y  (FIGURE 3 ) ,  Vw a t  h o u r 4 was s i g n i ­
f i c a n t l y  e le v a te d  com pared to  h o u r  14 th ro u g h  h o u r 20 
(P < 0 .0 5 ,  D u n can ). O v e r a l l , th e  re s p o n s e  o f  Vw t o  a  
3 0 -1 0 -3 0  p a t t e r n  o f  f l u c t u a t i o n  was l i t t l e  change from  
c o n t r o l  l e v e l s .
FIGURE 4 d e m o n s tra te s  tim e  c o u rs e  changes in  oxygen 
t e n s io n  and  oxygen  c o n te n t  d u r in g  3 0 -1 0 -3 0  o /o o  f l u c t u a ­
t i o n s .  Oxygen t e n io n  o f  e x p ir e d  w a te r  c o n s i s t e n t l y  r o s e  
th ro u g h o u t  th e  f i r s t  48 h o u rs  o f  t h e  e x p e r im e n t and  d i f f ­
e re d  from  c o n t r o l  l e v e l s  a t  h o u r  36 and h o u r  4 8 . The v a lu e  
re c o rd e d  a t  h o u r  96 d id  n o t  d i f f e r  from  h o u r  0 . T hese  
changes r e f l e c t  t h e  change in  oxygen e x t r a c t i o n ,  w hereby 
a  d e c re a s e  i n  e x t r a c t i o n  e f f i c i e n c y  o f  n e a r l y  20% was 
r e c o rd e d  a t  low  s a l i n i t y  w h ich  p e r s i s t e d  a t  t h e  h ig h  
s a l i n i t y  p e r io d  o f  th e  2nd c y c le  (FIGURE 5 ) .  A t th e  end 
o f  th e  4 th  c y c le  (h o u r 96) E had  r i s e n  to  42.7% , b u t  
re m a in e d  lo w er th a n  th e  c o n t r o l  h o u r .  The t r a n s i e n t  r i s e  
i n  E r e c o r d e d  a t  h o u r 4 , a lth o u g h  n o t  d i f f e r i n g  from  h o u r  
0 , d i f f e r e d  s i g n i f i c a n t l y  from  E d u r in g  a l l  m easu rem en ts 
a f t e r  h o u r  8 (P < 0 .0 5 ,  D uncan), The v a lu e  a t  h o u r  4 
c o rre s p o n d s  t o  in c r e a s e d  t r e n d s  i n  h e a r t b e a t  f re q u e n c y  and 
v e n t i l a t i o n  volum e a s  th e  s u r ro u n d in g  medium i s  d i l u t e d .
No change o c c u r re d  in  p o s tb r a n c h ia l  oxygen c o n te n t  
(CAO2 ) d u r in g  3 0 -1 0 -3 0  0 / 0 0  s a l i n i t y  a l t e r a t i o n s  (FIGURE 4 ) .
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F ig u re  3 . C a l l i n e c te s  s a p id u s . Time c o u rs e  o f  n o rm a liz e d  
v e n t i l a t i o n  volum e d u r in g  3 0 -1 0 -3 0  o /o o  s a l i n i t y  
f l u c t u a t i o n .  S a l i n i t y  i s  i n d ic a t e d  by s h a d in g .
Sam ple s i z e  i s  5 . V e r t i c a l  l i n e s  r e p r e s e n t  s ta n d a rd  







































F ig u re  4 . C a l l i n e c te s  s a p id u s . Time c o u rs e  o f  ch an g es i n  
oxygen t e n s io n  o f  w a te r  and hemolymph and oxygen con­
t e n t  o f  hemolymph d u r in g  3 0 -1 0 -3 0  o /o o  s a l i n i t y  f l u c ­
t u a t i o n .  S a l i n i t y  i s  i n d ic a t e d  by sh a d in g . Sam ple 
s i z e  i s  5 f o r  02 c o n t e n t s , 6 f o r  02 t e n s i o n s . V e r t i ­
c a l  l i n e s  r e p r e s e n t  s ta n d a r d  e r r o r s  o f  th e  p l o t t e d  
m ean. V a lu es  above a s t e r i s k s  a r e  s t a t i s t i c a l  p ro b a ­
b i l i t y  d i f f e r e n c e s  o f  th e  mean from  h o u r  0 . ANOVA 
f o r  t im e  (P < : PE020 .0 0 0 2 ; PA02 :0 .1 0 5 1 ; PV02 :0 .0 2 5 0 ; 
CA02 :0 .'6087 ; CV02 :0 .1 3 2 3 ) .
Salinity(%o)
—  N U <o o o r
Oxygen Content 
(Vols%)
o  -  -o> o a o
Oxygen Tension 
(torr)
N  O) OD
O  O  O  O
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F ig u re  5 . C a l l i n e c te s  s a p id u s . Time c o u rs e  o f  ch an g es in
p e r c e n t  oxygen e x t r a c t i o n  d u r in g  3 0 -1 0 -3 0  o /o o  s a l i n i t y  
f l u c t u a t i o n .  S a l i n i t y  i s  i n d ic a t e d  by  sh a d in g .
Sam ple s i z e  i s  6 . V e r t i c a l  l i n e s  r e p r e s e n t  s ta n d a rd  
e r r o r s  o f  th e  p l o t t e d  m ean. V a lues above a s t e r i s k s  
a r e  s t a t i s t i c a l  p r o b a b i l i t y  d i f f e r e n c e s  o f  th e  mean 










































Oxygen c o n te n t  o f  p r e b r a n c h ia l  hemolymph (CVO2 ) was 
re d u c e d  by  57% a s  s a l i n i t y  d e c re a s e d  from  30 to  10 0 / 0 0  
d u r in g  th e  f i r s t  12 h o u r s .  A d e c re a s e  o f  s i m i l a r  m agn i­
tu d e  was re c o rd e d  a t  h o u r  18 f o r  t h e  oxygen t e n s io n  o f  
p r e b r a n c h ia l  hemolymph, i n d i c a t i n g  t h a t  th e  lo w e re d  oxygen 
l e v e l s  w ere due to  an  in c r e a s e d  d e l i v e r y  to  t i s s u e s  from  
p h y s ic a l  s o l u t io n  r a t h e r  th a n  v i a  hem ocyan in . P o s tb r a n c h ia l  
oxygen t e n s io n s  w ere  lo w er th a n  c o n t r o l  b e tw een  h o u r  12 and  
h o u r  48 , b u t  d id  n o t  d i f f e r  from  c o n t r o l  a t  h o u r 96 , 
S im i la r ly ,  p r e b r a n c h ia l  oxygen l e v e l s  h ad  r e tu r n e d  to  
c o n t r o l  l e v e l s  b y  h o u r  96.
An i n i t i a l  r i s e  i n  oxygen u p ta k e  was d e te rm in e d  a t  
h o u r  4 o f  th e  3 0 -1 0 -3 0  0 / 0 0  f l u c t u a t i o n  p a t t e r n s  (FIGURE 6 ) ,  
The VO2  h ad  r e tu r n e d  to  c o n t r o l  l e v e l  by  h o u r  8 and  rem a in ed  
a t ,  o r  s l i g h t l y  be low , th e  c o n t r o l  r a t e  f o r  e a c h  o f  th e  
re m a in in g  m easu rem en ts th ro u g h  h o u r  96. C a rd ia c  o u tp u t  and  
s t r o k e  volum e w ere  e s t im a te d  a t  h o u rs  0 , 12 , 36 , 48 , and  
96. N e i th e r  v a r i a b l e  was fo u n d  to  change  a t  th e s e  sa m p lin g  
h o u rs  o v e r  t h e  c o u rs e  o f  f o u r  3 0 -1 0 -3 0  0 / 0 0  s a l i n i t y  c y c le s .  
C a rd ia c  o u tp u t  and  s t r o k e  volum e ra n g e d  from  155 -  209 ml * 
kg w et w t“ ^ • m in"^  and  from  0 .1 7  -  0 .2 6  ml* h e a r t b e a t ”^ ,  
r e s p e c t i v e l y ,  f o r  th e  a v e ra g e  s i z e d  c ra b  o f  120 g w et w t.
A l a r g e  d e g re e  o f  v a r i a b i l i t y  o c c u r re d  in  p r e -  and  
p o s tb r a n c h ia l  hemolymph pH d u r in g  th e  c o u rs e  o f  a  d iu r n a l  
3 0 -1 0 -3 0  0 / 0 0  f l u c t u a t i o n  (FIGURE 7 ) .  As a  r e s u l t ,  no 
s i g n i f i c a n t ,  s a l i n i t y - r e l a t e d  change was o b se rv e d  in
36
F ig u re  6. C a l l i n e c t e s  s a p i d u s . Time c o u rs e  o f  n o rm a liz e d  
oxygen  co n su m p tio n  r a t e  d u r in g  3 0 -1 0 -3 0  o /o o  s a l i n i t y  
f l u c t u a t i o n .  S a l i n i t y  i s  i n d i c a t e d  by  s h a d in g .
Sam ple s i z e  i s  6 . V e r t i c a l  l i n e s  r e p r e s e n t  s t a n d a r d  
e r r o r s  o f  th e  p l o t t e d  m ean. V a lu e  above  a s t e r i s k  i s  
s t a t i s t i c a l  p r o b a b i l i t y  d i f f e r e n c e  o f  th e  mean from  
h o u r  0 . ANOVA f o r  tim e  (P < 0 .0 7 3 6 ) .
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F ig u re  7. C a l l i n e c te s  s a p id u s . Time c o u rs e  o f  changes in  
p o s tb r a n c h ia l  and p r e b r a n c h ia l  hemolymph pH d u r in g  
3 0 -1 0 -3 0  o /o o  s a l i n i t y  f l u c t u a t i o n .  S a l i n i t y  i s  
i n d i c a t e d  by sh a d in g . Sam ple s i z e  i s  5 f o r  each  
v a r i a b l e .  V e r t i c a l  l i n e s  r e p r e s e n t  s ta n d a r d  e r r o r s  
o f  th e  p l o t t e d  m ean. V a lu es above a s t e r i s k s  a r e  s t a ­
t i s t i c a l  p r o b a b i l i t y  d i f f e r e n c e s  o f  th e  mean from  

































p o s tb r a n c h ia l  pH. As s a l i n i t y  r e a c h e d  19 o /o o  a t  h o u r  4 
mean p r e b r a n c h ia l  pH had  r i s e n  by 0 ,1  u n i t  and  rem a in e d  
a t  t h i s  l e v e l  u n t i l  t h e  d i r e c t i o n  o f  s a l i n i t y  change  was 
r e v e r s e d  a f t e r  h o u r  12 , pH v a lu e s  a t  h o u r  4 th ro u g h  h o u r 
12 d i f f e r  s i g n i f i c a n t l y  from  h o u r  0, b u t  n o t  h o u r  16 th ro u g h  
h o u r 24 (P < 0 .0 5 , D uncan), The s h o r t  d u r a t io n  o f  th e  
d i u r n a l  c y c le  may n o t  a l lo w  c o m p le te  a c id - b a s e  a d ju s tm e n ts  
and , h e n c e , l e a d  to  o b se rv e d  v a r i a b l i l i t y  b e tw een  i n d iv id u a l  
c r a b s .
F lu c tu a t in g  S a l i n i t y  (1 0 -3 0 -1 0  o /o o  Regime)
A p ro n o u n ced  change in  h e a r t b e a t  f re q u e n c y  o c c u r re d  
when c ra b s  w ere  s u b je c te d  t o  1 0 -3 0 -1 0  o /o o  c y c le s  o f  
f l u c t u a t i n g  s a l i n i t y  (FIGURE 8 ) .  The h e a r t  r a t e  fo llo w e d  
s a l i n i t y  i n  an in v e r s e  m anner. F re q u e n c ie s  r e c o rd e d  a t  
h o u r  6 th ro u g h  h o u r  10 and h o u r  36 showed a d e c l in e  from  
c o n t r o l  h e a r t b e a t  f r e q u e n c ie s .  A d d i t io n a l ly ,  th e  h e a r t  
r a t e s  a t  h o u r  20 th ro u g h  h o u r  24 , h o u r  48 and  h o u r  96, 
w here  s a l i n i t y  r e tu r n e d  t o  10 o /o o ,  w ere  s i g n i f i c a n t l y  
h ig h e r  th a n  th e  l e v e l s  a t  h o u r  8 , h o u r  10 and  h o u r  36 , 
w here  s a l i n i t y  re a c h e d  th e  h ig h  p o in t  o f  a  g iv e n  c y c le .
A s i g n i f i c a n t  tim e  c o u rs e  change  in  v e n t i l a t i o n  
volum e o c c u r re d  d u r in g  a  1 0 -3 0 -1 0  o /o o  s a l i n i t y  p a t t e r n  
(FIGURE 9; P < 0 .0 5 , ANOVA); a l th o u g h  no mean r a t e  d i f f e r e d  
s t a t i s t i c a l l y  from  c o n t r o l .  The tim e  c o u rs e  t r e n d  in  
v e n t i l a t i o n  volum e was s i m i l a r  to  t h a t  o b se rv e d  f o r  h e a r t
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F ig u re  8, C a l l i n e c te s  s a p id u s . Time c o u rs e  o f  n o rm a liz e d  
h e a r t b e a t  f re q u e n c y  d u r in g  1 0 -3 0 -1 0  o /o o  s a l i n i t y  
f l u c t u a t i o n .  S a l i n i t y  i s  i n d i c a t e d  by  sh a d in g .
Sam ple s i z e  i s  5 . V e r t i c a l  l i n e s  r e p r e s e n t  s ta n d a r d  
e r r o r s  o f  th e  p l o t t e d  m ean. V a lu es  above a s t e r i s k s  
a r e  s t a t i s t i c a l  p r o b a b i l i t y  d i f f e r e n c e s  o f  th e  mean 
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Heartbeat Frequency (% Control)
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F ig u re  9 . C a l l i n e c te s  s a p id u s . Time c o u rs e  o f  n o rm a liz e d  
v e n t i l a t i o n  volum e d u r in g  1 0 -3 0 -1 0  o /o o  s a l i n i t y  
f l u c t u a t i o n .  S a l i n i t y  i s  i n d ic a t e d  by sh a d in g .
Sam ple s i z e  i s  6 . V e r t i c a l  l i n e s  r e p r e s e n t  s t a n d a r d  
e r r o r s  o f  th e  p l o t t e d  m ean. ANOVA f o r  tim e  
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r a t e ,  Vw c y c le d  downward w h ile  s a l i n i t y  was r a i s e d  to  30
o /o o  and upw ard a s  s a l i n i t y  was lo w e re d  to  10 o /o o . The
low  v a lu e s  f o r  V found  a t  h o u r  6 and h o u r 8 (46  + 8 m l *w —
m in- ^ f o r  e ac h  h o u r)  d i f f e r  from  th e  p eak  v e n t i l a t i o n  (71 +
8 ml • m in” "̂) r e c o rd e d  f o r  c ra b s  a t  h o u r 20 (P. < 0 .0 5 ,
Duncan) .
E x p ire d  w a te r  oxygen t e n s io n  d id  n o t  change  d u r in g  
th e  f i r s t  1 2  h o u rs  o f  a  1 0 -3 0 -1 0  o /o o  s a l i n i t y  c h an g e , b u t  
r o s e  23-28% above c o n t r o l  PEO2  b e tw een  h o u r  12 and  h o u r  36 
(FIGURE 10) . FIGURE 11 u n d e rs c o re s  th e  d e c r e a s e  in  oxygen 
e x t r a c t i o n  from  th e  am b ien t w a te r .  T h is  d e c re a s e  was e f f e c t ­
ed  by  s a l i n i t y  change o n ly  d u r in g  th e  l a t t e r  s t a g e s  o f  th e  
1 s t  and  2nd d i u r n a l  c y c le .  P e r c e n t  oxygen e x t r a c t i o n  re a c h e d  
a  minimum a t  h o u r  24 , b u t  e q u a l le d  c o n t r o l  b y  h o u r  48 and 
h o u r  96 . S i m i la r ly ,  oxygen c o n te n t  and  t e n s io n  o f  p r e -  and 
p o s tb r a n c h ia l  hemolymph d e c re a s e d  d u r in g  1 0 -3 0 -1 0  0 / 0 0  
s a l i n i t y  f l u c t u a t i o n s  (FIGURE 10) . In d e e d , b o th  p r e ­
b r a n c h ia l  and  p o s tb r a n c h ia l  oxygen c o n te n t  rem a in ed  s i g n i f i ­
c a n t ly  re d u c e d  from  c o n t r o l  l e v e l s  a t  h o u r  96 , i n d i c a t i n g  
t h a t  l e s s  oxygen was b in d in g  t o  c i r c u l a t i o n  hem ocyanin  
m o le c u le s  a t  th e  g i l l s .  L ess  oxygen was a v a i l a b l e  to  t i s s u e s  
f o r  a c t i v i t y  a f t e r  h o u r 12 o f  th e  1 0 -3 0 -1 0  0 / 0 0  c y c l e s ,  a s 
e v id e n c e d  by  th e  d im in is h e d  venous r e s e r v e .  The tim e  c o u rs e  
o f  th e  r e l a t i o n s  CAO2 -CVO2  and  PAO2 -PVO2  a t t e s t  t o  t h i s  f a c t .  
F u r th e rm o re , th e  tim e  c o u rs e  ch an g es i n d i c a t e  t h a t  d i s ­
s o lv e d  oxygen was u t i l i z e d  by  t i s s u e s  p r im a r i l y  d u r in g  th e
46
F ig u re  10. C a l l i n e c t e s  s a p id u s . Time c o u rs e  o f  ch an g es 
i n  oxygen t e n s io n  o f  w a te r  and hemolymph and  oxygen 
c o n te n t  o f  hemolymph d u r in g  1 0 -3 0 -1 0  o /o o  s a l i n i t y  
f l u c t u a t i o n .  S a l i n i t y  i s  i n d ic a t e d  by  sh a d in g .
Sam ple s i z e  i s  5 f o r  02  c o n te n t s ,  6 f o r  O2 t e n s io n s .  
V e r t i c a l  l i n e s  r e p r e s e n t  s ta n d a r d  e r r o r s  o f  th e  p l o t ­
te d  m ean. V a lu es  above a s t e r i s k s  a r e  s t a t i s t i c a l  
p r o b a b i l i t y  d i f f e r e n c e s  o f  th e  mean from  h o u r  0 .
ANOVA f o r  tim e  (P < :PE02 :0 .0 0 2 8 ; PA02 :0 .0 1 5 5 ; PV02 : 
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F ig u r e  1 1 . C a l l i n e c t e s  s a p i d u s . Time c o u rs e  o f  ch an g e s  i n  
p e r c e n t  oxygen e x t r a c t i o n  d u r in g  1 0 -3 0 -1 0  o /o o  s a l i n i t y  . 
f l u c t u a t i o n .  S a l i n i t y  i s  i n d i c a t e d  by s h a d in g .
Sam ple s i z e  i s  6 . V e r t i c a l  l i n e s  r e p r e s e n t  s t a n d a r d  
e r r o r s  o f  th e  p l o t t e d  m ean. V a lu e s  above a s t e r i s k s  
a r e  s t a t i s t i c a l  p r o b a b i l i t y  d i f f e r e n c e s  o f  t h e  m ean 
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e a r l y  s t a g e s  o f  f l u c t u a t i o n ,  w h i le  hem ocyanin  bound  oxygen 
was d e l iv e r e d  d i s p r o p o r t i o n a t e l y  d u r in g  l a t e r  c y c le s .
A d e c l in e  i n  b o th  oxygen c o n te n t  and  oxygen t e n s io n  
i s  r e f l e c t e d  i n  th e  oxygen u p ta k e  r a t e  (FIGURE 1 2 ) .  The 
VO2  rem a in e d  below  c o n t r o l  l e v e l  be tw een  h o u r 4 and h o u r  36 . 
C o n tro l  r a t e s  w ere  resum ed by  h o u r  48 . C a rd ia c  o u tp u t  
d e c re a s e d  by  35% b e tw een  h o u r  0 and h o u r 12 o f  a  1 0 -3 0 -1 0  
0 / 0 0  s a l i n i t y  c y c le  (200 +  14 to  131 +  13 ml • kg  w et w t"^  * 
m i n " l ) , b u t  r e tu r n e d  t o ,  and  rem a in e d  a t ,  l e v e l s  s l i g h t l y  
e le v a te d  o v e r  c o n t r o l  by  h o u r  36 th ro u g h  h o u r 96 (224 +  18 - 
261 + 2 4 ) . S i m i la r ly ,  s t r o k e  volum e showed a  s m a l l ,  i n s i g n i  
f i c a n t  d e c l in e  from  0 .2 8  t o  0 .2 5  m l * b e a t ”^ • c r a b - ^ a t  
h o u r 12 and  was e le v a te d  t o  0 .3 9  +  0 .0 4  a t  h o u r  96 . The 
change o b se rv e d  i n  c a r d ia c  o u tp u t  d u r in g  th e  1 0 -3 0 -1 0  0 / 0 0  
f l u c t u a t i n g  s a l i n i t y  re g im e s  and th e  l a c k  o f  change  d u r in g  
th e  3 0 -1 0 -3 0  0 / 0 0  re g im e s  w ere  due to  a l t e r a t i o n s  o f  b o th  
h e a r t b e a t  f re q u e n c y  and s t r o k e  volum e.
P r e b r a n c h ia l  and  p o s tb r a n c h ia l  hemolymph pH d id  n o t  
change d u r in g  a  d iu r n a l  1 0 -3 0 -1 0  0 / 0 0  s a l i n i t y  f l u c t u a t i o n  
(FIGURE 1 3 ) .  A s i g n i f i c a n t  d i f f e r e n c e  be tw een  p o s tb r a n c h ia l  
and p r e b r a n c h ia l  hemolymph was l a c k in g  a t  h o u r 1 6 , e v in c in g  
th e  p o s s ib l e  e f f e c t  o f  th e  g ra d u a l  s a l i n i t y  change on 
r e g u l a t i o n  o f  e x t r a c e l l u l a r  f l u i d  a c id - b a s e  b a la n c e .
Hem ocyanin C o n c e n tr a t io n  D uring  S a l i n i t y  F lu c tu a t io n
P r e b r a n c h ia l  hemolymph p r o t e i n  and c o p p e r c o n c e n tr a ­
t i o n s  w ere  d e te rm in e d  a t  h o u r  0 , 1 2 , 2 4 , 36 , 48 and  96 o f
51
F ig u re  12 . C a l l i n e c te s  s a p id u s . Time c o u rs e  o f  n o rm a liz e d  
oxygen co n su m p tio n  r a t e  d u r in g  1 0 -3 0 -1 0  o /o o  s a l i n i t y  
f l u c t u a t i o n .  S a l i n i t y  i s  i n d ic a t e d  by s h a d in g .
Sam ple s i z e  i s  6 . V e r t i c a l  l i n e s  r e p r e s e n t  s ta n d a rd  
e r r o r s  o f  th e  p l o t t e d  m ean. V a lu es above a s t e r i s k s  
a r e  s t a t i s t i c a l  p r o b a b i l i t y  d i f f e r e n c e s  o f  th e  mean 
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F ig u re  13 . C a l l i n e c te s  s a p id u s . Time c o u rs e  o f  p o s t ­
b r a n c h ia l  and p r e b r a n c h ia l  hemolymph pH d u r in g  1 0 -3 0 - 
10 o /o o  s a l i n i t y  f l u c t u a t i o n .  S a l i n i t y  i s  i n d ic a t e d  
by  s h a d in g . Sam ple s i z e  i s  8 f o r  each  v a r i a b l e .  
V e r t i c a l  l i n e s  r e p r e s e n t  s ta n d a r d  e r r o r s  o f  th e  p l o t ­





























b o th  3 0 -1 0 -3 0  o /o o  and  1 0 -3 0 -1 0  o /o o  d i u r n a l  s a l i n i t y  
f l u c t u a t i o n  p a t t e r n s .  L e v e ls  o f  p r o t e i n  and c o p p e r  w ere  
s i g n i f i c a n t l y  h ig h e r  f o r  1 0  o /o o  a c c l im a te d  c ra b s  com pared 
to  30 o / o o , i n d i c a t i n g  h ig h e r  c o n c e n t r a t io n s  o f  hem ocyan in . 
P r o t e in  and c o p p e r c o n c e n t r a t io n s  w ere  40 + 4 mg • ml 
serunT ^ and 83 + 8  yg ‘ ml serum ” ^ a t  10 o /o o .  A t 30 o /o o  
l e v e l s  o f  30 +  3 and  5 4 + 7  w ere  d e te rm in e d  f o r  p r o t e i n  and 
c o p p e r , r e s p e c t i v e l y .  C o n c e n tr a t io n s  o f  p r o t e i n  and c o p p e r , 
and t h e r e f o r e  hem ocyanin  c o n c e n t r a t i o n ,  d id  n o t  d i f f e r  from  
c o n t r o l  d u r in g  3 0 -1 0 -3 0  o r  1 0 -3 0 -1 0  o /o o  s a l i n i t y  re g im e s  
th ro u g h o u t  e i t h e r  96 h o u r  e x p e r im e n t.
O xygen-H em ocyanin D i s s o c i a t i o n
Hemolymph o f  c ra b s  a c c l im a te d  t o  10 o /o o  h a d  a  low ­
e re d  a f f i n i t y  f o r  oxygen th a n  hemolymph o f  c ra b s  a c c l im a te d  
t o  30 o /o o  (FIGURE 1 4 ) .  The s h i f t  i n  i n  v i t r o  d i s s o c i a t i o n ,  
w h ich  o c c u rs  n e a r  t h e  i n  v iv o  ra n g e  o f  p r e b r a n c h ia l  hemo­
lymph oxygen t e n s io n ,  i s  s i g n i f i c a n t  a t  t h e  P. < 0 .0 2  l e v e l .  
TABLE 6 l i s t s  t h e  P o f  hemolymph sam p les ta k e n  a t  h o u r  0 , 
24 and 96 o f  in v e r s e  p a t t e r n s  o f  s a l i n i t y  f l u c t u a t i o n .  In  
th e  1 0 -3 0 -1 0  o /o o  c y c le  no  change was o b se rv e d  in  oxygen 
a f f i n i t y ,  w h e reas  a  d e c r e a s e  in  a f f i n i t y  o c c u r re d  be tw een  
h o u r  24 and h o u r  96 o f  a  3 0 -1 0 -3 0  o /o o  c y c le .
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F ig u re  14 . C a l l i n e c te s  s a p id u s . In  v i t r o  oxygen-hem ocyan in  
d i s s o c i a t i o n  c u rv e s  f o r  hemolymph o f  b lu e  c ra b s  a c c l i ­
m ated  to  30 and  10 o /o o S . Sam ple s i z e  i s  5 i n  e a c h  






















C a l l i n e c t e s  s a p id u s . Oxygen a f f i n i t y  (P ^ Q .to r r )  
o f  hem ocyanin  when s u b je c te d  to  d iu r n a l  
s a l i n i t y  f l u c t u a t i o n s .
S a l i n i t y  Regime Time S a l i n i t y P50 n pH
3 0 -1 0 -3 0  o /o o h o u r  0 30 o /o o 1 1 . 8  t o r r 5 7 .5 7 + 0 .0 4
24 30 1 1 .7 3 7 .6 0 . + 0 . 0 1
96 30 1 3 .5 * 5 7 .7 2 + 0 .0 3
1 0 -3 0 -1 0  o /o o h o u r  0 1 0  o /o o 1 4 .2  t o r r 5 7 .7 8 + 0 .0 3
24 1 0 1 4 .7 3 7 .6 7 + 0 .0 5
96 1 0 1 4 .5 4 7 .7 5 + 0 . 0 2
*P5 0  a t  h o u r  96 i s  s i g n i f i c a n t l y  d i f f e r e n t  from  h o u r 0  and 
h o u r  24 (P <  0 .0 0 1 ) .
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DISCUSSION
T h is  r e p o r t  docum ents th e  f a c t  t h a t  v e n t i l a t i o n  
volum e o f  C. s a p id u s  was u n a f f e c te d  by  s te p w is e  a c c l im a t io n  
t o  10 and 30 o /o o S . Dyer and Uglow (1980) r e p o r te d  in c r e a s e d  
s c a p h o g n a th i te  b e a t in g  r a t e s  a t  s a l i n i t i e s  b e tw een  2 2  and
14 o /o o  com pared t o  34 o /o o  c o n t r o l s  f o r  th e  sh rim p , C. 
c ra n g o n . B a t t e r to n  and Cameron (1978) d e te rm in e d  mean 
v e n t i l a t i o n  volum es r a n g in g  from  123 to  179 ml ‘ m in ‘ 200 
g w et w t"1  f o r  C. s a p id u s  and  n o te d  t h a t  Vw was u n a f f e c te d  
by  a b ru p t  t r a n s f e r  t o  re d u c e d  s a l i n i t y .  C o n s id e ra b le  
v a r i a b i l i t y  i n  v e n t i l a t i o n  r a t e  o c c u r re d  in  t h e i r  s tu d y , 
p e rh a p s  m ask ing  any  m in o r s a l i n i t y  e f f e c t s .  Mean v e n t i l a ­
t i o n  volum e in  t h e  p r e s e n t  s tu d y  was a p p ro x im a te ly  1 1 0  m l • 
m in” ^ * m in - ^ • 200 g w et w t" ^ . I  found  no s e a s o n a l  change 
i n  v e n t i l a t i o n  vo lum e. Jo h a n se n  e t  a l .  (1970) s t a t e d  t h a t  
u s e  o f  a  f lo w m e te r  gave c o n s i s t e n t l y  h ig h e r  v a lu e s  th a n  
em ploym ent o f  an o v e rf lo w  m ethod o f  r e c o r d in g  v e n t i l a t i o n  
due to  f lo w  r e s i s t a n c e .  I f  t h i s  was th e  c a s e  in  b lu e  c r a b s ,  
t h e  a c tu a l  v e n t i l a t i o n  volum e w ould b e  g r e a t e r  d u r in g  th e  
w i n t e r .
D u rin g  r a p id  am b ien t s a l i n i t y  a l t e r a t i o n  (0 -1 0  m in) 
v e n t i l a t i o n  volum e changed  in v e r s e ly  t o  s a l i n i t y  a t  1 0  and
15 °C i n  C. m aenas (T a y lo r ,  1977; T a y lo r  e t  a l . ,  1 9 7 7 a ), b u t  
no change  o c c u r re d  a t  18 °C (T a y lo r  e t  a l . ,  1 9 7 7 a ). A lth o u g h  
a g r e a t  d e a l  o f  in d iv id u a l  v a r i a b i l i t y  e x i s t e d  u n d e r  g ra d u a l  
s a l i n i t y  change  ( 1 0  h) th e  v e n t i l a t i o n  o f  b lu e  c ra b s  fo llo w e d
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s a l i n i t y  i n v e r s e l y .  T h is  r e s p o n s e  i s  t r a n s i e n t ,  h o w ev er, a s  
n o  1 2  h o u r  i n t e r v a l  d e n o tin g  s a l i n i t y  m inim a and maxima 
d i f f e r e d  s i g n i f i c a n t l y  from  c o n t r o l  h o u r i n  e i t h e r  3 0 -1 0 -3 0  
o /o o  o r  1 0 -3 0 -1 0  o /o o  s a l i n i t y  f l u c t u a t i o n  p a t t e r n .
Oxygen u p ta k e  i n i t i a l l y  fo llo w e d  a  p a t t e r n  s i m i l a r  
t o  v e n t i l a t i o n  volum e a s  an i n i t i a l  r i s e  o c c u r re d  when 
s a l i n i t y  was lo w e re d , fo llo w e d  by  a  d e c r e a s e  in  VO2  d u r in g  
a  3 0 -1 0 -3 0  0 / 0 0  s a l i n i t y  c y c le .  O v e r a l l ,  t h e r e  was l i t t l e  
change  from  c o n t r o l  oxygen co n su m p tio n  r a t e s .  T h is  r e s u l t  
i s  s i m i l a r  t o  th e  f in d in g s  o f  F in d le y  e t  a l .  (1978) f o r  th e  
b lu e  c ra b  and S a b o u r in  and S t i c k l e  (1980) f o r  C. v i t t a t u s .
In  a l l  t h r e e  i n v e s t i g a t i o n s  th e  o s m o re g u la tin g  decapod  in  
q u e s t io n  re sp o n d e d  to  a  3 0 -1 0 -3 0  0 / 0 0  d i u r n a l  s a l i n i t y  
f l u c t u a t i o n  w i th  a  VO2  a v e ra g e d  th ro u g h o u t  th e  e x p e rim e n t 
w h ich  was n o t  d i f f e r e n t  from  c o n t r o l  VO2 . I n  th e  p r e s e n t  
i n v e s t i g a t i o n  th e  VO2 o f  C. s a p id u s  a v e ra g e d  o v e r  th e  e n t i r e  
c y c le  was 99 +  12% o f  c o n t r o l  oxygen u p ta k e .  C o n v e rse ly , 
a c c l im a t in g  c ra b s  t o  10 0 / 0 0 S and s u b je c t in g  them  to  a  10 - 
30 -10  0 / 0 0  s a l i n i t y  a l t e r a t i o n  e f f e c t e d  d e c re a s e s  i n  o v e r a l l  
e x p e r im e n ta l  VO2  v e r s u s  c o n t r o l  f o r  b o th  C. s a p id u s  and  C. 
v i t t a t u s  (F in d le y  e t  a l . ,  1978; S a b o u rin  and S t i c k l e ,  1980; 
p r e s e n t  d a t a ) .  The p r e s e n t  r e s u l t s  v e r i f y  t h a t ,  i n  th e  
two s u b t r o p i c a l  s p e c ie s  i n v e s t i g a t e d  th u s  f a r ,  am b ien t 
s a l i n i t y  f l u c t u a t i o n  le a d s  to  d e c re a s e d  o r  unchanged  oxygen 
u p ta k e  r a t e s .  I n  th e  fo rm e r c a s e  c o n t r o l  V0£ l e v e l s  a r e  
resum ed  w i th in  48 to  96 h o u rs  u n d e r c o n t in u a l  d i u r n a l  
s a l i n i t y  f l u c t u a t i o n .
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The r a p i d  m e ta b o l ic  a d a p ta t io n  t o  s a l i n i t y  f l u c t u a ­
t i o n  and  th e  l a c k  o f  a  s a l i n i t y  e f f e c t  on s te p w is e  a c c l im a te d
c ra b s  s u p p o r t  th e  r e s u l t s  o f  L a i r d  and H a e fn e r  (1976) who
i n f e r  t h a t  VO2  o f  C, s a p id u s  i s  l i t t l e  a f f e c t e d  by  s a l i n i t y
b e tw een  10 and 30 0 / 0 0 , The r e s u l t s  o f  D ehnel ( I 9 6 0 ) ,
T a y lo r  e t  a l .  (1977a) and S a b o u r in  and S t i c k l e  (1980) i n ­
d i c a t e  t h a t  s e a s o n a l  i n t e r a c t i o n s  o c c u r  b e tw een  a c c l im a t io n  
te m p e ra tu re ,  s a l i n i t y  and oxygen u p ta k e  r a t e s .  S e a so n a l 
i n t e r a c t i o n s  c o u ld  b e  a t t r i b u t e d  to  a s  y e t  u n d e te rm in e d  
ch an g es i n  th e  m e ta b o l ic  c o s t  o f  o sm o tic  r e g u l a t i o n  (D e h n e l, 
1962; B a l l a r d  and  A bbot, 1969; W ie land  and  Mangum, 1 9 7 5 ).
The r e s u l t s  o f  D ehnel (1 9 6 0 ) , L a i r d  and H a e fn e r  (1 9 7 6 ) , 
and  T a y lo r  e t  a l .  (1 9 7 7 a , 1977b) i n d i c a t e  t h a t  we know v e ry  
l i t t l e  a b o u t th e  e f f e c t s  o f  th e  phenomenon o f  s e a s o n a l i ty  
upon m e ta b o lism  o f  o sm o re g u la tin g  c r a b s .
D if f e r e n c e s  i n  m e ta b o l ic  r e s p o n s e s  o b se rv e d  b e tw een  
s t u d i e s  on c lo s e l y  r e l a t e d  s p e c ie s  a r e  a l s o  r e l a t e d  to  
e x p e r im e n ta l  t e c h n iq u e  d i f f e r e n c e s .  S a l i n i t y  a d ju s tm e n t 
te c h n iq u e s  w ere  re v ie w e d  by S t i c k l e  and  Shumway (1 9 8 1 ).
The VO2  o f  b lu e  c ra b s  r e p o r t e d  i n  t h i s  s tu d y  i s  h ig h e r  th a n  
t h a t  r e p o r t e d  b y  F in d le y  e t  a l .  (1 9 7 8 ) , b u t  i n  l i n e  w ith  
VO2 r e c o rd e d  f o r  C. s a p id u s  i n  o th e r  i n v e s t i g a t i o n s  (L a ird  
and  H a e fn e r , 1976; B a t t e r t o n  and Cameron, 1 9 6 8 ) , D i f f e r ­
e n c e s ,  w h ich  a r e  n o t  s u b s t a n t i a l  a s  th e y  f a l l  w i th in  th e  
same o r d e r  o f  m a g n itu d e , a r e  due to  n u t r i t i v e  h i s t o r y ,  
s t r e s s  o f  r e s t r a i n t  and h a n d l in g  s t r e s s .  I n  my i n v e s t i g a t i o n
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c ra b s  w ere  f e d  on a  r o u t in e  s c h e d u le  and m a in ta in e d  in  
u n r e s t r a i n e d  c o n d i t i o n s .  H ow ever, t h e  s t r e s s  o f  a t t a c h e d  
e l e c t r o d e s , m asks and  p e r io d i c  b lo o d  sm a p lin g  i s  u n a v o id ­
a b le  i n  a  s tu d y  o f  t h i s  n a tu r e .  The ra n g e  o f  V C ^'s r e p o r t e d  
by d i f f e r e n t  i n v e s t i g a t o r s  f o r  b lu e  c ra b s  u n d e r  s te a d y  s t a t e  
c o n d i t io n s  i s  a p p ro x im a te ly  150-500  y l 0 2 'g  d ry  wt**^ .h “ l , 
C o n s id e ra b le  sc o p e  f o r  a c t i v i t y  re m a in s  when VO2 l i e s  
w i th in  t h i s  ra n g e  a s  e v in c e d  by  t h e  am ple venous r e s e r v e  
r e c o rd e d  f o r  s te a d y  s t a t e  s a l i n i t y  c ra b s  i n  my i n v e s t i g a ­
t i o n .  McMahon e t  a l .  (1979) d e te rm in e d  t h a t  C. m a g i s t e r , 
w hich  h ad  p r e v io u s ly  u n d e rg o n e  s u rg e ry  s i m i l a r  to  t h a t  o f  
t h e  p r e s e n t  s tu d y , re s p o n d e d  t o  2 0  m in o f  e n fo rc e d  a c t i v i t y  
by  in c r e a s in g  V0£ 2 ,3 - f o ld .  The ra n g e  o f  m easu red  VO£ f o r  
C. s a p id u s  found  b y  d i f f e r e n t  i n v e s t i g a t o r s  p ro b a b ly  r e f l e c t s  
th e  O2  u p ta k e  f l u c t u a t i o n  d u r in g  n o rm al a c t i v i t i e s .  F or 
t h i s  r e a s o n ,  th e  r a t e s  r e p o r t e d  i n  t h i s  s tu d y  sh o u ld  b e  
c o n s id e re d  r o u t i n e  m e ta b o l ic  r a t e s  (N ew e ll, 1 9 7 9 ).
R e p e t i t i v e  b lo o d  sa m p lin g  and  d i s tu r b a n c e  c o u ld  
r e s u l t  i n  s i g n i f i c a n t  d e v ia t io n  from  c o n t r o l  v a lu e s  l a t e  
i n  an e x p e r im e n t. T h is  w ould le a d  to  a  m i s i n t e r p r e t a t i o n  
o f  r e s u l t s  o b ta in e d  from  an e x p e r im e n ta l  g ro u p . No su c h  
change  o c c u r re d  i n  s te a d y  s t a t e  s a l i n i t y  c o n t r o l s  o f  th e  
p r e s e n t  i n v e s t i g a t i o n  ( s e e  C h a p te r  I I ) ,
D ecapod c ru s ta c e a n s  e x h ib i t  a  w id e  ra n g e  o f  oxygen 
e x t r a c t i o n  e f f i c i e n c y ,  from  low s o f  15 to  30% f o r  ro c k  
c ra b s  and l o b s t e r s  (Jo h a n se n  e t  a l . ,  1970; McMahon e t  a l , ,
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1970; McMahon and  W ilk e n s , 1975) t o  a  h ig h  r e p o r t e d  f o r  
s a p id u s  o f  a p p ro x im a te ly  50% ( B a t t e r to n  and  Cameron,
1 9 7 8 ). S e v e ra l  f i s h e s  hav e  b een  r e p o r t e d  to  e x t r a c t  60-80% 
o f  t h e  a v a i l a b l e  oxygen from  f u l l y  o x y g e n a te d  w a te r  ( P i i p e r  
e t  a l . ,  1977; Wood e t  a l . ,  1 9 7 9 ). In  th e  p r e s e n t  s tu d y  
mean p e r c e n t  oxygen e x t r a c t i o n  ra n g e d  from  3 7 -5 3 , The 
w in t e r  (F e b ru a ry )  b lu e  c ra b s  s te p w is e  a c c l im a te d  to  30 o /o o  
had  a  s i g n i f i c a n t l y  lo w e r e f f i c i e n c y  o f  oxygen e x t r a c t i o n  
th a n  th o s e  a c c l im a te d  to  10 o /o o  and  30 o /o o  a c c l im a te d  
c ra b s  i n  Novem ber. O th e rw ise , no s a l i n i t y  a c c l im a t io n  o r  
s e a s o n a l  e f f e c t s  w ere  n o te d ,  U n lik e  th e  c ra b s  sam pled  
d u r in g  o th e r  s e a s o n s ,  th e  c ra b s  c o l l e c t e d  in  F e b ru a ry  
a p p e a re d  s lu g g is h  upon e n te r in g  th e  l a b o r a to r y .  B lue c ra b s  
n o rm a lly  do n o t  b e g in  t o  le a v e  th e  muds and move up i n to
th e  e s t u a r i e s  u n t i l  l a t e  F e b ru a ry  t o  e a r l y  M arch in  L o u is ia n a ,
C rabs a c c l im a te d  to  10 o /o o  and sam pled  i n  F e b ru ­
a ry  d id  n o t  d e m o n s tra te  c h a r a c t e r i s t i c a l l y  d i f f e r e n t
r e s p i r a t o r y  and  c i r c u l a t o r y  m easu rem en ts from  th o s e  sam pled  
i n  o th e r  s e a s o n s . The 30 o /o o  a c c l im a te d  g roup  n o t  o n ly  
e x h ib i t e d  a  lo w ered  oxygen e x t r a c t i o n  e f f i c i e n c y ,  b u t  a l s o  
a  d e c re a s e d  venous r e s e r v e ,  and  h ig h e r  p e r c e n t  hemolymph 
oxygen e x t r a c t i o n  by  th e  t i s s u e s ,  V e n t i l a t i o n  was n o t  
m easu red  a t  t h i s  t im e , b u t  h e a r t  r a t e s  w ere  r e l a t i v e l y  low .
The r e s p i r a t o r y  p ig m en t a p p e a rs  to  h a v e  d e l iv e r e d  p ro p o r ­
t i o n a t e l y  m ore oxygen d u r in g  t h i s  p e r io d ,
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E x t r a c t io n  e f f i c i e n c y ,  E , d id  n o t  change  from  con-r 
t r o l  l e v e l s  fo l lo w in g  r a p id  s a l i n i t y  d e c re a s e s  and  in c r e a s e s  
i n  C. m aen as , r e g a r d l e s s  o f  te m p e ra tu re  (T a y lo r ,  1977; 
T a y lo r ,  e t  a l . , 1 9 7 7 a ), S im i la r ly ,  no s i g n i f i c a n t  change  
o c c u r r e d  in  E d u r in g  th e  f i r s t  12 h o u rs  o f  a  1 0 -3 0 -1 0  o /o o  
c y c le  and 24 h o u rs  o f  a  3 0 -1 0 -3 0  o /o o  c y c le  i n  th e  p r e s e n t  
s tu d y . H ow ever, d e c re a s e s  i n  p e r c e n t  e x t r a c t i o n  h ad  o c c u r ­
r e d  b y  th e  n e x t  sa m p lin g  p e r io d  i n  e ac h  c a s e .  T hese  
d e c re a s e s  i n  E w ere  g e n e r a l l y  r e f l e c t e d  i n  th e  p a t t e r n s  o f  
oxygen consum ption  f o r  e ac h  re g im e  o f  s a l i n i t y  f l u c t u a t i o n .  
D is s o lv e d  oxygen i n  p o s tb r a n c h ia l  and p r e b r a n c h ia l  
hemolymph was u n a f f e c te d  by  s a l i n i t y  a c c l im a t io n  b e tw een  
5 and 30 o /o o . T a y lo r  (1977) a r r i v e d  a t  th e  same c o n c lu ­
s io n  f o r  C. m aenas b e tw een  12 and 28 o /o o , The ra n g e  o f  
v a lu e s  re c o rd e d  in  t h e  p r e s e n t  s tu d y  w ere  n o t  a p p re c ia b ly  
h ig h e r  th a n  th e  PAO2  and  PVO2  r e p o r t e d  by  Mangum and W ieland  
(1975) o f  35 + 4 and  1 4 + 2  t o r r ,  when b lu e  c ra b s  w ere  
a c c l im a te d  to  2 2 .5  0 / 0 0  a t  22 °C . W ie land  and Mangum 
(1975) d e te c te d  a  s l i g h t ,  b u t  u n g ra d e d , r i s e  i n  p r e b r a n c h ia l  
oxygen t e n s io n  upon a c c l im a t io n  o f  C. s a p id u s  to  s a l i n ­
i t i e s  lo w er th a n  15 0 / 0 0 . Oxygen c o n te n t  an d , t h e r e f o r e ,  
th e  am ount o f  oxygen t r a n s p o r t e d  to  t i s s u e s  v i a  hem ocyanin  
a l s o  was l i t t l e  a f f e c t e d  b y  a c c l im a t io n  s a l i n i t y .  D i f f e r ­
en ce s  w ere  found  i n  CAO2  and  CVO2  w h ich  c o r re s p o n d  to  
se a so n  a s  summer oxygen c o n te n t  was g e n e r a l l y  h ig h e r  th a n  
w in t e r .  The venous r e s e r v e  rem a in ed  r e l a t i v e l y  c o n s ta n t  by
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s a l i n i t y  and s e a s o n . S l i g h t  s e a s o n a l  ch an g es i n  hemolymph 
oxygen c a r r y in g  c a p a c i ty  c o u ld  i n f lu e n c e  V02  and e x p la in  
t h e  r e s u l t s  o f  s e a s o n a l  d i f f e r e n c e s  i n  V02  r e p o r t e d  by 
E g g e r t  (1974) and F in d le y  e t  a l .  (1 9 7 8 ) . Spoek (1974) 
d e te rm in e d  t h a t  V0 2  o f  l o b s t e r s ,  a s  w e l l  a s  h e a r t  r a t e s ,  
i n c r e a s e d  w i th  d e c re a s e d  hem ocyanin  c o n c e n t r a t io n  i n  th e  
b lo o d . T h is  m ig h t le a d  t o  lo w ered  sco p e  f o r  a c t i v i t y .  
Change i n  hem ocyanin  c o n c e n t r a t io n s  w ere  n o t  found  i n  t h i s  
s tu d y .  H ow ever, a  d e f i n i t i v e  answ er can  o n ly  be  r e a l i z e d  
by  sam p lin g  m o n th ly  th ro u g h o u t t h e  y e a r .
The e f f i c i e n c y  o f  oxygen rem oval by  t i s s u e s  showed 
c o n s id e r a b le  v a r i a b i l i t y .  As r e p o r te d  p r e v io u s ly  (Mangum, 
1 9 7 7 ), e x t r a c t i o n  o f  oxygen from  b lo o d  a t  th e  t i s s u e  l e v e l  
was h ig h e r  th a n  e x t r a c t i o n  from  w a te r  a t  g i l l  e p i t h e l i a .  
The h ig h e s t  t i s s u e  e x t r a c t i o n  e f f i c i e n c y  (60-66% ) was 
r e c o rd e d  d u r in g  F e b ru a ry . S l i g h t l y  re d u c e d  h e a r t  r a t e s ,  
and  p o s s ib ly  b lo o d  f lo w , may h av e  c o n t r ib u te d  to  a  lo n g e r  
c i r c u l a t i o n  tim e  and s l i g h t l y  e le v a te d  e x t r a c t i o n  e f f i ­
c i e n c i e s .  Lower o r  unchanged  oxygen e x t r a c t i o n  from  w a te r  
by  th e  g i l l s  c o u ld  be  a t t r i b u t e d  to  s te a d y  o r  s l i g h t l y  
in c r e a s e d  v e n t i l a t i o n  r a t e .
D uring  b o th  p a t t e r n s  o f  s a l i n i t y  f l u c t u a t i o n ,  tim e  
c o u rs e  d e c re a s e s  o c c u r re d  i n  oxygen t e n s io n  o f  p r e -  and 
p o s tb r a n c h ia l  hemolymph. By h o u r 96 a l l  v a r i a b l e s  had  
r e t u r n e d  t o  c o n t r o l  v a lu e s .  The d e c r e a s e  was m ore 
p ro n o u n ced  d u r in g  th e  1 0 -3 0 -1 0  o /o o  re g im e , The d e c re a s e
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i n  hemolymph PO2  c o rre s p o n d s  t o  lo w ered  oxygen u p ta k e  d u r in g  
b o th  c y c l e s .  Oxygen c o n te n t  d u r in g  a  3 0 -1 0 -3 0  0 / 0 0  s a l i n i t y  
f l u c t u a t i o n  was e s s e n t i a l l y  u n a l t e r e d ,  w h e reas  d u r in g  a  
1 0 -3 0 -1 0  0 / 0 0  re g im e  CAO2  an<* ^ ^ 2  w ere  s i g n i f i c a n t l y  lo w er 
a f t e r  h o u r  36 . I t  a p p e a rs  t h a t  an  i n c r e a s in g l y  g r e a t e r  
r o l e  i n  oxygen d e l i v e r y  t o  t i s s u e s  was p la y e d  by hem ocyanin  
d u r in g  th e  l a t t e r  s ta g e s  o f  t h e  1 0 -3 0 -1 0  0 / 0 0  c y c le ,  w h i le  
th e  r e l a t i v e  d e l iv e r y  v i a  p h y s ic a l  s o l u t io n  and p ig m en t 
d id  n o t  change  a p p r e c ia b ly  o v e r  t h e  c o u rs e  o f  f o u r  s im u la te d  
t i d a l  c y c le s  o f  3 0 -1 0 -3 0  0 / 0 0 . S in c e  p r o t e i n  and c o p p e r 
l e v e l s  d id  n o t  change  d u r in g  e i t h e r  c y c le ,  th e  a d ju s tm e n ts  
can  b e  a t t r i b u t e d  to  c a r d ia c  and  v e n t i l a t o r y  pum ping r a t e s  
and  a l t e r e d  hem ocyan in -oxygen  b in d in g  c h a r a c t e r i s t i c s .
P r o t e in  and c o p p e r c o n c e n t r a t io n s  i n  hemolymph 
serum  w ere  h ig h e r  f o r  10 0 / 0 0  th a n  30 0 / 0 0  a c c l im a te d  c r a b s ,  
i n d i c a t i n g  t h a t  hem ocyanin  l e v e l s  w ere  a l s o  h ig h e r .  S e v e ra l  
w o rk e rs  hav e  d e m o n s tra te d  r e c e n t l y  t h a t  b lo o d  p r o t e i n s  in  
o s m o re g u la tin g  c r u s ta c e a n s  v a ry  i n v e r s e l y  w i th  am b ien t 
s a l i n i t y  ( G i l l e s ,  1977; P equeux , e t  a l . ,  1979) and  s t a g e  o f  
m o lt c y c le  (T ru c h o t , 1 9 7 8 ). Mean p r o t e i n  and c o p p e r co n ­
c e n t r a t i o n s  d o u b le  be tw een  s ta g e s  and  i n  C. m aenas 
(T ru c h o t, 1 9 7 8 ). Boone and S c h o f f e n ie l s  (1979) i n f e r r e d  
t h a t  hem ocyanin  h a s  an  o sm o re g u la to ry  r o l e  c o n c e rn in g  f r e e  
amino a c id  m e ta b o lism  d u r in g  h y p o - and is o o s m o tic  medium- 
b lo o d  c o n d i t i o n s .  They d e te rm in e d  t h a t  i n c o r p o r a t io n  o f  
l a b e l l e d  am ino a c id  p r e c u r s o r s  i n t o  hem ocyanin  s y n th e s i s
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o c c u r re d  w i th in  24 h o u rs  a f t e r  t r a n s f e r  o f  C, m aenas from  
32 t o  16 o /o o . My r e s u l t s  do n o t  c o r r o b o r a te  th e s e  f i n d ­
in g s .  B lu e  c ra b s  s u b je c te d  to  f o u r  d iu r n a l  h ig h - lo w -h ig h  
and  lo w -h ig h -lo w  s a l i n i t y  c y c le s  d id  n o t  e x h ib i t  a  tim e  
c o u rs e  o f  hemolymph p r o t e i n  and c o p p e r  c o n c e n t r a t io n s  w h ich  
a p p ro a c h e d  in te r m e d ia te  v a lu e s  betw een  10 and 30 o /o o , The 
c ra b s  w ere  n o t  f e d  d u r in g  th e  e x p e r im e n ta l  f l u c t u a t i o n s ,  
w h ich  w ould a c c o u n t f o r  th e  l a c k  o f  exogenous n i t r o g e n .  
How ever, th e  p re m ise  o f  Boone and  S c h o f f e n ie l s  (1979) i s  
b a se d  on an  endogenous am ino a c id  s o u rc e  a lo n g  w ith  co p p er 
s t o r e s  w i th in  th e  d i g e s t i v e  g la n d  (D jangm ah, 1 9 7 0 ),
Horn and K e rr  (1963) r e p o r t e d  hemolymph p r o t e i n  
and c o p p e r  c o n c e n t r a t io n s  o f  C, s a p id u s  ta k e n  d i r e c t l y  from  
th e  f i e l d  o r  h e ld  i n  ru n n in g  s e a  w a te r  f o r  l e s s  th a n  tw e lv e  
h o u r s ,  how ever, am b ien t s a l i n i t y  was n o t  r e p o r t e d ,  Serum
p r o t e i n s  and  c o p p e r  r a n g e d  from  8 . 8  to  132 mg * m l“ ^ and
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8  to  176 yg • ml , r e s p e c t i v e l y ,  w i th  means o f  52-63 
mg • m l- ^ an d  70 -84  ug ' m l” ^ . A lth o u g h  th e y  l i e  w i th in  
b o th  r a n g e s ,  t h e  mean v a lu e s  t h a t  I  o b se rv e d  f o r  t o t a l  
p r o t e i n  a r e  s l i g h t l y  lo w e r .  T h ere  a r e  two p o s s ib l e  e x p la n a ­
t i o n s  f o r  t h i s  d i s c r e p a n c y .  F i r s t ,  t h e  c ra b s  in  my i n v e s t i ­
g a t io n  w ere  m a in ta in e d  i n  th e  l a b o r a to r y  f o r  1 -3  weeks 
b e f o r e  p r o t e i n  d e te r m in a t io n .  The p o s s i b i l i t y  o f  lo w ered  
p r o t e i n  l e v e l s  due to  l a b o r a to r y  s t r e s s  c a n n o t be  d is c o u n te d ,  
S e c o n d ly , c o p p e r :p r o t e i n  r a t i o s  o f  a b o u t 0 ,1 3  w ere  found  by 
H orn and  K e rr  (1 9 6 3 ) , w h e re a s , in  th e  p r e s e n t  s tu d y  th e
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a v e ra g e  r a t i o  was 0 .1 8 - 0 .1 9 .  A c o p p e r :p r o t e i n  r a t i o  o f  0 .2  
i s  c o n s id e r e d  t h e  a p p ro x im a te  v a lu e  f o r  n e a r l y  1 0 0 % o f  
hemolymph p r o t e i n  b e in g  hem ocyan in  (T ru c h o t ,  1 9 7 8 ) . S in c e  
i n t e r m o l t  c r a b s  a r e  c h a r a c t e r i z e d  by  h a v in g  hemolymph i n  
w h ic h  a b o u t 90% o f  t h e  p r o t e i n  i s  h em o cy an in , t h e  c o p p e r  and 
p r o t e i n  l e v e l s  r e p o r t e d  h e r e  a r e  r e a s o n a b le .
An augm en ted  P ^ q ( d e c r e a s e d  a f f i n i t y )  o f  C. s a p id u s  
hemolymph i n  v i t r o  o c c u r s  upon  a c c l im a t io n  to  lo w e r  s a l i n i t y .  
T h is  r e s u l t  i s  s i m i l a r  t o  t h e  d a ta  o f  T ru c h o t (1973) f o r  
C. m a e n a s . In  t h e  s te a d y  s t a t e  s a l i n i t y  c o n d i t i o n ,  a ssu m in g  
th e  in  v i t r o  d a ta  r e p r e s e n t s  t h e  i n  v iv o  s i t u a t i o n ,  m ore 
oxygen w ould  b e  r e l e a s e d  t o  t i s s u e s  a t  10 o /o o  th a n  30 o /o o ,  
ev en  th o u g h  oxygen  t e n s io n s  and  oxygen  c o n te n t s  do n o t  
d i f f e r  s t a t i s t i c a l l y .  The r e a s o n  f o r  t h i s  s h i f t  i s  b e l i e v e d  
t o  b e  due t o  t h e  d i l u t i o n  e f f e c t  on  hem ocyan in  a t  t h e  lo w e r 
s a l i n i t y  (Mangum, 1 9 7 6 ) . Hemolymph o f  b lu e  c ra b s  i s  re d u c e d  
some 150-200  mOsm b e tw ee n  e n v iro n m e n ta l  s a l i n i t i e s  o f  30 
and  10 o /o o  (F in d le y  and  S t i c k l e ,  1 9 7 8 ). The d i l u t i o n  e f f e c t  
on o x y g en -h em o cy an in  b in d in g  p r o p e r t i e s  i s  o p p o sed  by  
a l l o s t e r i c  e f f e c t s  o f  pH on th e  oxygen  b in d in g  s i t e .  P r e -  
and  p o s t b r a n c h i a l  pH a r e  h ig h e r  a t  lo w e r s a l i n i t y ,  a  f a c t o r  
w h ic h  le a d s  t o  i n c r e a s e d  a f f i n i t y  o f  t h e  r e s p i r a t o r y  p ig m en t 
f o r  o x y g en . Mangum e t  a l .  (1976) c o n c lu d e d  t h a t  t h e  o b s e rv e d  
pH i n c r e a s e  a t  lo w , com pared  to  h ig h ,  s a l i n i t y  i s  due  t o  
i n c r e a s e d  ammonia c i r c u l a t i n g  in  t h e  hem olym ph. Hemolymph 
ammonia l e v e l s  i n c r e a s e d  6 -7  f o l d  one  day  a f t e r  t r a n s f e r
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o f  C. s a p id u s  from  100 t o  50% s e a  w a te r  (G e ra rd  and  G i l l e s ,  
1 9 7 2 ). T ru c h o t (1981) d e te rm in e d  from  b a se  f l u x  s t u d i e s  
t h a t  a n o th e r  com ponent i s  in v o lv e d ,  w h ich  i s  a d d i t i o n a l  to  
ammonia, i n  th e  e l e v a t i o n  o f  pH. T h is  com ponent i s  a s  y e t  
unknow n.
D uring  th e  d e c l in in g  s a l i n i t y  p h a se  o f  a  d iu r n a l  
3 0 -1 0 -3 0  o /o o  s l a i n i t y  f l u c t u a t i o n  a pH in c r e a s e  was re c o rd e d  
i n  p r e b r a n c h ia l  hemolymph, w h ich  w ould c o rre s p o n d  to  p o s ­
s i b l e  in c r e a s e d  b lo o d  ammonia l e v e l s .  L i t t l e  i s  known o f  
t h e  body f l u i d  ammonia ch an g es i n  f l u c t u a t i o n  s a l i n i t y .  
F in d le y  and S t i c k l e  (1978) d e te rm in e d  t h a t  NPS changed  in  a 
d i r e c t  m anner w i th  s a l i n i t y  i n  a  3 0 -1 0 -3 0  o /o o  f l u c t u a t i o n ,  
b u t  d id  n o t  change  d u r in g  a  1 0 -3 0 -1 0  o /o o  c y c le .  The c o n t r i ­
b u t io n  o f  ammonia t o  t h e  m easu red  NPS was n o t  d e te rm in e d  
d u r in g  th e  e x p e r im e n ts  o f  F in d le y  and S t i c k l e  (1 9 7 8 ) . How­
e v e r ,  t h e i r  r e s u l t s  and th e  r e c o r d  o f  pH d u r in g  in v e r s e  
s a l i n i t y  f l u c t u a t i o n  p a t t e r n s  i n  th e  p r e s e n t  s tu d y  s u g g e s t  
t h a t  t h e  hemolymph c o m p o s itio n  changes d u r in g  t h e  3 0 -1 0 -3 0  
o /o o  c y c le s  su ch  t h a t  a  b a s e  e x c e s s  e x i s t s  (FIGURE 6 , h o u r  4 
th ro u g h  h o u r  12 ; TABLE 6 , h o u r 96) a s  s a l t  l e v e l s  a r e  
d e c re a s e d .  The o v e r a l l  r e s u l t  i s  a  d e c r e a s e  i n  hem ocyanin  
oxygen a f f i n i t y .
C o n v e rse ly , no s i g n i f i c a n t  pH and P^q changes 
o c c u r re d  d u r in g  lo w -h ig h - lo w  s a l i n i t y  f l u c t u a t i o n s .  T hese  
c o n t r a s t i n g  r e s p o n s e s  may hav e  d e c i s i v e  e f f e c t s  on th e  in  
v iv o  o x y g e n a tio n  p r o p e r t i e s  o f  th e  b lo o d  and m ig h t e x p la in
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some o f  th e  d i f f e r e n c e s  o b se rv e d  i n  oxygen u p ta k e  and c i r c u ­
l a t i n g  oxygen l e v e l s  when c ra b s  a r e  s u b je c te d  to  s a l i n i t y  
change  in  o p p o s in g  d i r e c t i o n s  (F in d le y  e t  a l . , 1978; S a b o u rin  
and S t i c k l e ,  1980; S t i c k l e  and Shumway, 1981; p r e s e n t  s tu d y ) .
H e a r t  r a t e ,  s t r o k e  volum e and r e s u l t a n t  c a r d ia c  
o u tp u t  w ere  u n a f f e c te d  by  a c c l im a t io n  s a l i n i t y  o v e r  th e  
r a n g e  o f  5 -30  o /o o . T h is  i s  c o n s i s t e n t  w i th  th e  d a ta  f o r  
th e  h e a r t  r a t e  o f  C. s a p id u s  r e p o r t e d  by  deF ur and Mangum 
(1 9 7 9 ) , w h ich  shows o n ly  a  s l i g h t  i n c r e a s e  a t  5 o /o o  
re c o rd e d  2 -4  days a f t e r  s a l i n i t y  ch an g e . F o llo w in g  a b ru p t  
t r a n s f e r  o f  c ra b s  t o  low s a l i n i t y  T a y lo r  e t  a l .  (1977a) 
d e te rm in e d  no a l t e r a t i o n  i n  h e a r t b e a t  f re q u e n c y  accom panied  
an  in c r e a s e  i n  VO2 o f  C. m aen as . The la c k  o f  change  in  p o s t -  
and  p r e b r a n c h ia l  oxygen c o n te n t  d i f f e r e n c e  le d  th e  a u th o r s  
t o  s u g g e s t  e le v a te d  c a r d ia c  o u tp u t  v i a  an  in c r e a s e d  s t r o k e  
volum e was e x h ib i t e d .  Hume and B e r l in d  (1976) and T a y lo r  
(1977) found  in c r e a s e d  h e a r t b e a t  f re q u e n c y  in  h y p o sm o tic  
m ed ia  f o r  C. m aen as . S p a a rg a re n  (1974) and T a y lo r  (1977) 
a t t r i b u t e d  in c r e a s e d  c a r d ia c  o u tp u t  t o  h e a r t  r a t e  r a t h e r  
th a n  s t r o k e  volum e in  C. m aenas t r a n s f e r r e d  to  d i l u t e  s e a  
w a t e r .
D u rin g  b o th  3 0 -1 0 -3 0  and 1 0 -3 0 -1 0  0 / 0 0  s a l i n i t y  
f l u c t u a t i o n s  th e  h e a r t  r a t e  o f  C. s a p id u s  c y c le d  i n v e r s e l y  
t o  s a l i n i t y  ch an g e . A c c lim a tio n  to  h ig h  o r  low  s a l i n i t y  
and  th e  d i r e c t i o n  o f  th e  s a l i n i t y  change  e f f e c t e d  s l i g h t l y  
d i f f e r e n t  r e s p o n s e s . No o v e r a l l  change  in  c a r d ia c  o u tp u t
71
and  s t r o k e  volum e o c c u r r e d  d u r in g  a  3 0 -1 0 -3 0  o /o o  f l u c t u a t i o n ,  
h o w e v e r, t h e r e  was s i g n i f i c a n t  v a r i a b i l i t y  i n  t h e s e  d a ta .
The p a t t e r n  o f  oxygen  c o n su m p tio n  (FIGURE 5) r e f l e c t s  t h i s  
v a r i a b i l i t y .  S in c e  v e n t i l a t o r y  c h a n g e s  w ere  m in im a l d u r in g  
3 0 -1 0 -3 0  o /o o  c y c l e s ,  c h a n g e s  in  h e a r t b e a t  f r e q u e n c y  w ere  
l i k e l y  o p p o sed  by  c o m p e n sa to ry  c h an g e s  i n  s t r o k e  volum e to  
m a in ta in  a  c o n s t a n t  c a r d i a c  o u tp u t  and  V ^ .
The p ro n o u n ce d  p a t t e r n  o f  d e c r e a s e d  h e a r t b e a t  
f r e q u e n c y  d u r in g  th e  f i r s t  12 h o u rs  o f  1 0 -3 0 -1 0  o /o o  re g im e s  
was acco m p an ied  by  a  s l i g h t  d e c l in e  i n  s t r o k e  volum e a n d , 
h e n c e  a  d e c r e a s e  i n  c a r d i a c  o u tp u t .  A l t e r a t i o n s  in  c a r d i a c  
o u tp u t  d u r in g  g r a d u a l  s a l i n i t y  f l u c t u a t i o n  a p p e a r  t o  b e  
r e l a t e d  p r i m a r i l y  t o  h e a r t b e a t  f r e q u e n c y . I n t e r e s t i n g l y ,  
s t r o k e  volum e h a s  b e e n  im p l i c a te d  a s  t h e  m ain  i n f lu e n c e  
upon te m p o ra l  v a r i a t i o n s  i n  c a r d i a c  o u tp u t  o f  r e s t i n g ,  s e a  
w a te r  a c c l im a te d  C. s a p id u s  ( B u r n e t t  e t  a l . , 1 9 7 9 ).
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SUMMARY AMD CONCLUSIONS
A c c lim a tio n  o f  C. s a p id u s  to  a  ra n g e  o f  s a l i n i t i e s  
from  5 -3 0  o /o o  h a s  l i t t l e  e f f e c t  on many v a r i a b l e s  o f  t h e  
oxygen d e l i v e r y  sy s te m . D i f f e r e n c e s ,  r e l a t e d  t o  s a l i n i t y  o f  
th e  medium, a r e  found  in  th e  b lo o d  c h e m is try .  Hem ocyanin 
c o n c e n t r a t i o n s ,  pH and P^g v a ry  i n v e r s e ly  w i th  s a l i n i t y .  
Compounded w i th  s a l i n i t y - r e l a t e d  d i f f e r e n c e s  o b se rv e d  in  
t h i s  s tu d y  w ere  s e v e r a l  s e a s o n a l  e f f e c t s  ( e g . , O2  c o n te n t  
v a r i e s  w i th  s e a s o n ) .
G ra d u a l s a l i n i t y  change  in d u c e s  many co m p en sa to ry  
a d ju s tm e n ts .  V e n t i l a t i o n  volum e and h e a r t  r a t e ,  n o te d  by 
some r e s e a r c h e r s  t o  b e  l in k e d  in  p e rfo rm a n c e , showed s i m i l a r  
r e s p o n s e s  d u r in g  s a l i n i t y  f l u c t u a t i o n s  w h ich  w ere  i n v e r s e l y  
r e l a t e d  t o  th e  d i r e c t i o n  o f  f l u c t u a t i o n .  The mode and d e g re e  
o f  c o m p e n sa tio n  f o r  o th e r  v a r i a b l e s  o f  a e r o b ic  m e ta b o lism  
i s  d e p en d e n t upon t h e  a c c l im a t io n  s a l i n i t y  ( i n  t h i s  i n s t a n c e ,  
10 and  30 0 / 0 0 S ) . T h u s, r e s p o n s e s  t o  s a l i n i t y  f l u c t u a t i o n  
a r e  a f f e c t e d  by  a c c l im a t io n  s a l i n i t y .
A c c lim a tin g  c ra b s  t o  30 0 / 0 0  and s u b je c t in g  them  to  
3 0 -1 0 -3 0  0 / 0 0  s a l i n i t y  f l u c t u a t i o n s  h a s  no e f f e c t  on b lo o d  
flo w  c h a r a c t e r i s t i c s , b u t  l e a d s  t o  e v e n tu a l  b a s e  e x c e s s  and 
p ro b a b le  d e c r e a s e  i n  hem ocyanin  oxygen a f f i n i t y .  D e s p i te  an 
i n i t i a l  i n c r e a s e  in  oxygen u p ta k e  r a t e ,  l i t t l e  o v e ra l l  change  
was r e g i s t e r e d  i n  oxygen c o n su m p tio n . In  f a c t ,  a  d e c r e a s e  
was o b se rv e d  in  th e  tim e  c o u rs e  o f  g i l l  oxygen e x t r a c t i o n
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e f f i c i e n c y  a f t e r  36 h o u rs  o f  s a l i n i t y  f l u c t u a t i o n .  S i g n i ­
f i c a n t  ch an g e  o f  t h e  i n  v iv o  a c id - b a s e  s t a t e  o c c u r r e d ,  w h ic h  
l e d  t o  a  d e c r e a s e d  in  v i t r o  oxygen  a f f i n i t y .
C. s a p id u s  a c c l im a te d  t o  low  s a l i n i t y  (10  o /o o )  and  
ex p o se d  t o  a  1 0 -3 0 -1 0  o /o o  d i u r n a l  p a t t e r n  o f  a m b ien t s a l i n ­
i t y  f l u c t u a t i o n  re s p o n d e d  w i th  an  o v e r a l l  d e c r e a s e d  r a t e  o f  
a e r o b ic  m e ta b o lism . B r a n c h ia l  oxygen  e x t r a c t i o n  e f f i c i e n c y  
an d  oxygen  u p ta k e  d e c l in e d  due b o th  t o  d e c r e a s e d  c a r d i a c  
o u tp u t  and  g i l l  v e n t i l a t i o n .  Hemolymph oxygen c o n te n t  and  
oxygen  t e n s io n  w ere  d im in is h e d .  A f t e r  4 8 -9 6  h o u rs  o f  s a l i n ­
i t y  f l u c t u a t i o n  t h e  r o l e  o f  h em ocyan in  i n  t i s s u e  o x y g e n a tio n  
h a d  i n c r e a s e d .
C. s a p id u s  m a in ta in s  a  d u a l - r o l e  sy s te m  f o r  oxygen  
d e l i v e r y .  F i r s t ,  and  e n e r g e t i c a l l y  c o s t l y ,  t h e  b r a n c h i a l  
and  c a r d i a c  pumps s e r v e  t o  e x t r a c t  oxygen  from  t h e  medium 
and  move i t  t o  c e l l u l a r  m i to c h o n d r ia .  T h ese  pumps h av e  
f i n i t e  l i m i t a t i o n s  and  a p p e a r  t o  b e  u t i l i z e d  m ax im a lly  o n ly  
f o r  b r i e f  p e r io d s  o r  u n d e r  e x tre m e  s t r e s s .  The se c o n d  com­
p o n e n t i s  t h e  r e s p i r a t o r y  p ig m e n t. H em ocyanin c o n c e n t r a t i o n  
an d  c o n t r i b u t i o n  t o  oxygen  t r a n s p o r t  ch an g e s  d e p en d in g  upon 
th e  io n  and  a c id - b a s e  s t a t u s  o f  t h e  hem olym ph. W hether 
oxygen  i s  d e l i v e r e d  to  r e s p i r i n g  c e l l s  c h i e f l y  by  p h y s i c a l  
s o l u t i o n  o r  v i a  hem ocyan in  i s  i n c o n s e q u e n t i a l .  Once th e  
r e s p i r a t o r y  p ig m e n t i s  s y n th e s i z e d ,  t h e  oxygen  c a r r y in g  
c a p a c i ty  o f  C. s a p id u s  b lo o d  i s  r a i s e d  t o  a  l e v e l  w h ich  
a f f o r d s  r o u t i n e  a c t i v i t y ,  su c h  a s  sw im m ing, a t  r e l a t i v e l y
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l i t t l e  e n e r g e t i c  c o s t ,  The i n t e g r a t i o n  o f  t h e  d u a l - r o l e  
sy s te m  an d  a l t e r e d  c o n t r i b u t i o n  o f  hem ocyan in  a i d  i n  e x p la in ­
in g  why b lu e  c ra b s  a d a p t  so  w e l l  t o  a  w id e  r a n g e  o f  c o n s t a n t  
an d  c h a n g in g  s a l i n i t i e s .
CHAPTER II
T i t l e :  R e s p i r a to r y  and C i r c u la to r y  R esponses o f  th e
B lue C rab to  N a p h th a le n e  and th e  E f f e c t  o f  
A c c lim a tio n  S a l i n i t y
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INTRODUCTION
E s t u a r i e s  a r e  c h a r a c t e r i z e d  by  c o n tin u o u s  change in  
a b i o t i c  f a c t o r s .  B lue  c ra b s  h a v e  s u c c e s s f u l l y  a d a p te d  to  - 
th e  e s t u a r i n e  h a b i t a t  b y  m a in ta in in g  an i n t e r n a l  o s m o tic , 
io n ic  and  a c id - b a s e  e n v iro n m en t w h ich  i s  o n ly  s l i g h t l y  
v a r i a b l e  o v e r  a  w ide  ra n g e  o f  ch an g e  in  th e  su r ro u n d in g  
medium. T h is  a b i l i t y  i s  a c h ie v e d  when i n t e r n a l  c o n d i t io n s  
c o u n te r a c t i v e ly  ch an g e , r e s u l t i n g  i n  o v e r a l l  s t a b i l i t y ,  and  
h as  b een  te rm ed  e n a n t i o s t a s i s  (Mangum and T ow le, 1 9 7 7 ),
The o n s e t  o f  t o x i c  e f f e c t s  o f  in t r o d u c e d  f o r e ig n  s u b s ta n c e s  
upon c ru s ta c e a n s  may b e  th e  r e s u l t  o f  d i s r u p t i o n  o f  t h i s  
s t a t e  o f  b a la n c e .
E s tu a r in e  r e g io n s  a r e  s u b je c te d  to  r e l a t i v e l y  h ig h  
in p u t  o f  v a r io u s  p o l l u t a n t s . P e tro le u m  h y d ro c a rb o n s  hav e  
r e c e iv e d  c o n s id e r a b le  a t t e n t i o n  a s  a g e n ts  o f  l e t h a l  and  
s u b l e th a l  t o x i c i t y  t o  a q u a t ic  f a u n a . S h e l te r e d  t i d a l  f l a t s  
and  s a l t  m a rsh e s , h a b i t a t s  w here  b lu e  c ra b s  a r e  commonly 
fo u n d , a r e  c o n s id e re d  e x tre m e ly  v u ln e r a b le  t o  o i l  s p i l l s  
(G undlach  and  H ayes, 1 9 7 8 ). The p r e s e n t  i n v e s t i g a t i o n  
a s s e s s e s  t h e  e f f e c t  o f  a  p e tro le u m -d e r iv e d  h y d ro c a rb o n , 
n a p h th a le n e , on  th e  a e r o b ic  m e ta b o lism  o f  th e  b lu e  c ra b  
C a l l i n e c te s  s a p id u s  (R a th b u n ) ,
A nderson  e t  a l .  (1974b) d e te rm in e d  th e  s p e c i f i c  
h y d ro c a rb o n  c o n te n t  o f  th e  w a te r - s o lu b le  f r a c t i o n  o f  a  1 0 %
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s o l u t io n  o f  S ou th  L o u is ia n a  c ru d e  o i l .  N a p h th a len e  co m p rised  
0 ,1 2  ppm and  t o t a l  n a p h th a le n e s  0 ,3  ppm o f  a  t o t a l  arom a­
t i c  f r a c t i o n  o f  1 3 ,9  ppm, w h ich  was 59% o f  th e  d i s s o lv e d  
h y d ro c a rb o n s  m easu red . The f a t e  o f  s p i l l e d  o i l  v i a  w e a th e r ­
in g  p ro c e s s e s  h a s  b een  th o ro u g h ly  s tu d i e d  and  i s  a p ro c e s s  
o f  com plex p h y s ic a l  and  b i o l o g i c a l  i n t e r a c t i o n s  (H aegh,
1 9 8 0 ). R ile y  e t  a l .  (1981) r e c e n t l y  d e te rm in e d  t h a t  7-55% 
o f  th e  o r i g i n a l  n a p h th a le n e  o f  P rudhoe  Bay c ru d e  o i l  r e ­
m ained  in  ta n k s  a f t e r  24 days o f  " w e a th e r in g ” . The d e g re e  
o f  v o l a t i l i z a t i o n  r e f l e c t e d  th e  h a r s h n e s s  o f  e x p e r im e n ta l  
w e a th e r in g . Cox e t  a l ,  (1975) fo u n d  t h a t  th e  peak  c o n cen ­
t r a t i o n  o f  t o t a l  n a p h th a le n e s ,  0 .3  ppm. was re a c h e d  two 
days a f t e r  an  e x p e r im e n ta l  # 2  f u e l  o i l  s p i l l  i n  a  sh rim p  
pond . The n a p h th a le n e s  ( in c lu d in g  n a p h th a le n e  + a lk y ln a p h -  
th a le n e )  c o n c e n t r a t io n  s t e a d i l y  d e c l in e d ,  r e a c h in g  low 
l i m i t s  a f t e r  96 d a y s . The n a p h th a le n e  e x p o su re  c o n c e n tr a ­
t io n s  u se d  in  th e  p r e s e n t  e x p e r im e n t, 0 .9  and  1 .8  ppm, 
e x ce ed  n a p h th a le n e  c o n c e n t r a t io n s  i n  c ru d e  o i l ,  b u t  a r e  
w i th in  th e  r a n g e  o f  v a lu e s  f o r  some r e f i n e d  o i l s  (A nderson  
e t  a l . ,  1 9 7 4 b ). I n  a d d i t i o n ,  th e  c o n c e n t r a t io n s  a r e  w e l l  
w i th in  th e  ra n g e  o f  v a lu e s  r e p o r t e d  f o r  t o t a l  a r o m a t ic s ,
Lee e t  a l .  (1976) d e m o n s tra te d  t h a t  p e tro le u m -  
d e r iv e d  h y d ro c a rb o n s  a r e  r a p i d l y  ta k e n  u p , m e ta b o liz e d  and  
e x c r e te d  b y  b lu e  c ra b s  w i th  l i t t l e  r e t e n t i o n .  T h ese  r e ­
s u l t s  c o r r o b o r a te d  th e  e a r l i e r  f in d in g s  o f  C o rn e r e t  a l .
(1973) w i th  M aia s q u in a d o . P e a rs o n  and  011a (1980) r e c e n t l y
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d is c o v e re d  t h a t  C. s a p id u s  b e h a v io r a l ly  d e t e c t s  n a p h th a le n e  
in  s e a  w a te r  a t  c o n c e n t r a t io n s  lo w er th a n  10"? ppm. The 
d e t e c t i o n  th r e s h o ld  o f  a  m ore com plex m ix tu re  o f  p e tro le u m  
h y d ro c a rb o n s  was h y p o th e s iz e d  to  be  lo w e r th a n  t h a t  o f  th e  
p u re  compound, n a p h th a le n e ,  i n  b lu e  c ra b s  and  d e m o n s tra te d  
t o  b e  lo w e r i n  C ancer m a g is te r  (P e a rs o n  e t  a l . , 1 9 8 0 ). 
B ra n c h ia l  c a v i ty  d e t e c t i o n  o f  a  w a te r  s o lu b le  f r a c t i o n  o f  
c ru d e  o i l  was found  to  in d u c e  b r a d y c a r d ia  o f  a t  l e a s t  one 
m in u te ’s d u r a t io n  i n  P u g e t t i a  p r o d u c ta , a  r e s p o n s e  w hich  
n a t u r a l l y  o c c u rs  when fo o d  i s  p r e s e n t  i n  t h e  w a te r  colum n 
(Zimmer e t  a l . ,  1 9 7 9 ).
T hese  r e s p o n s e s  o c c u r  i n  e x p o su re  c o n c e n t r a t io n s  
w e l l  b e lo w  l e t h a l  l e v e l s .  R e la t i v e ly  l i t t l e  i s  known o f  
th e  r e s p i r a t o r y  and  c i r c u l a t o r y  r e s p o n s e s  o f  c ru s ta c e a n s  
to  s h o r t - t e r m  s u b l e th a l  p e tro le u m  h y d ro c a rb o n  e x p o su re .
M ost i n v e s t i g a t o r s  h a v e  r e p o r t e d  a  g e n e r a l  i n c r e a s e  in  
oxygen co n su m p tio n  r a t e  t o  o c cu r upon e x p o su re  to  o i l  
f r a c t i o n s  (L ee e t  a l . , 1978; N e ff  e t  a l . , 1 9 7 6 ). The com­
p l e x i t y  o f  gas exchange  sy s tem s in  c r u s ta c e a n s  i s  e v id e n c e d  
by a d d i t i o n a l  r e p o r t s  o f  d e c re a s e d  oxygen u p ta k e  d u r in g  
o i l  e x p o su re  (N e ff  e t  a l , ,  1 9 7 6 ). One sh r im p , C rangon 
c ra n g o n , e x h ib i t e d  a  32% in c r e a s e  i n  h e a r t  r a t e  a f t e r  1 2  
h o u rs  o f  e x p o su re  to  th e  w a te r - s o lu b le  f r a c t i o n  o f  N o rth  
Sea c ru d e  o i l  (E dw ards, 1 9 7 8 ).
A m ore in - d e p th  u n d e rs ta n d in g  o f  th e  ch an g es in  
hemolymph oxygen t r a n s p o r t  a s s o c i a t e d  w i th  th e  r e p o r t e d
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a l t e r a t i o n s  o f  oxygen  c o n su m p tio n  and  h e a r t  r a t e  i n  c r u s t a ­
c e a n s  e x p o sed  to  p e tr o le u m - d e r iv e d  h y d ro c a rb o n s  i s  c l e a r l y  
n e c e s s a r y .  One n a t u r a l  s t r e s s o r  i n  t h e  e s t u a r i n e  e n v i r o n ­
m ent i s  s e a s o n a l  and  d a i l y  a l t e r a t i o n s  o f  s a l i n i t y  ( s e e  
C h a p te r  I ) . B lu e  c ra b s  m a in ta in  an  o sm o tic  g r a d i e n t  
b e tw e e n  e x t r a c e l l u l a r  f l u i d s  an d  th e  a m b ie n t w a te r  b e lo w  
27 o /ooS  ( F in d le y  and  S t i c k l e ,  1 9 7 8 ) . The p r e s e n t  s tu d y  
w as u n d e r ta k e n  t o  a s s e s s  t h e  r e s p o n s e s  o f  th e  oxygen  t r a n s ­
p o r t  sy s te m  t o  n a p h th a le n e  i n  C. s a p id u s  a c c l im a te d  to  h ig h  
an d  low s a l i n i t y .
MATERIALS AND METHODS
I n t e r m o l t  a d u l t  b lu e  c r a b s  (S ta g e  C^-C^, D rach  
a n d  T c h e m i g o v t z e f f , 1 9 6 7 ) , o f  w e ig h t ra n g e  50 -227  g w e t, 
w e re  t r a p p e d  i n  p o ts  o r  c a g e s  i n  th e  v i c i n i t y  o f  G rand 
I s l e ,  L o u is ia n a ,  d u r in g  th e  s p r i n g ,  1981 , They w ere  t r a n s ­
p o r t e d  to  LSU i n  B aton  Rouge and  p la c e d  i n  s t a t i c  o r  
r e c i r c u l a t i n g  a q u a r i a  e q u ip p e d  w i th  c ru s h e d  o y s t e r  s h e l l  
f i l t e r s  a t  t h e  m ea su re d  f i e l d  s a l i n i t y  an d  room  te m p e ra tu re  
(2 2 -2 3 ° C ) . I n s t a n t  Ocean s e a  s a l t s  (A quarium  S y s te m s , I n c , )  
and  d e io n iz e d  w a te r  w e re  u se d  to  m a in ta in  and a d j u s t  
s a l i n i t i e s . The te rm  " s e a  w a te r "  w i l l  r e f e r  to  any 
p r e s c r i b e d  m ix tu r e  o f  t h e s e  com pounds.
C rabs w e re  h e ld  i n  th e  l a b o r a t o r y  u n d e r  c o n s t a n t  
a r t i f i c i a l  i l l u m i n a t i o n  an d  w ere  f e d  c lam s 3 -4  t im e s  p e r  
w eek . F e e d in g  was su sp e n d e d  two days b e f o r e  an  e x p e r im e n t
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was i n i t i a t e d .  S a l i n i t y  o f  a q u a r ia  was a d ju s te d  upw ard 
( a d d i t io n s  o f  40 o /o o  s e a  w a te r )  o r  downward ( a d d i t io n  o f  
d e io n iz e d  w a te r )  by  in c re m e n ts  o f  2  o /o o  p e r  day u n t i l  th e  
d e s i r e d  f i n a l  s a l i n i t y  o f  10 , 20 o r  30 o /o o  was re a c h e d , 
C rabs w ere  m a in ta in e d  a t  t h e  f i n a l  s a l i n i t y  f o r  7 -14  days 
b e f o r e  u s e  i n  e x p e r im e n ts .
H e a r tb e a t  f re q u e n c y  was d e te rm in e d  by im p la n ta t io n  
o f  3 -4  cm le n g h ts  o f  In tr a m e d ic  T u b in g (P E -9 0 ) ,  h o u s in g  
b a th y th e rm o g ra p h  c o p p e r  w ir e  (S ip p ic o n  C o r p .) ,  i n t o  h o le s  
d r i l l e d  th ro u g h  th e  c a ra p a c e  on b o th  s id e s  o f  th e  p e r i ­
c a r d i a l  c a v i t y .  C are was ta k e n  n o t  to  p e n e t r a t e  th e  
h y p o d e rm is . The tu b e s  w ere  h e ld  in  p la c e  w i th  d e n ta l  wax 
(L a c to n a  S u rg id e n t)  and  5 m in epoxy g lu e  (S c o tc h  B ra n d ) .
The c o p p e r w ire  le a d s  p a s s e d  t o  an  im pedence c o n v e r te r  
(T ransm ed S c i e n t i f i c  Model 2991) and a  Beckman D ynagraph 
511A r e c o r d e r .
F o r m easurem ent o f  v e n t i l a t i o n  volum e and oxygen 
t e n s io n s  o f  e x p ir e d  w a te r ,  c ra b s  w ere  f i t t e d  w i th  m asks 
( 9 " Urostom y b a g s , H o l l i s t e r  I n c . ) .  Masks w ere  c u t  su ch  
t h a t  o n ly  th e  e y e s t a lk s  and m o u th p a r ts  w ere  e n c lo s e d ,  l e a v ­
in g  th e  M ilne-E dw ards o p e n in g s  u n o b s t r u c te d .  The m asks 
w ere  s e a le d  w i th  d e n ta l  wax and  5 m in epoxy g lu e .
V e n t i l a t i o n  volum e was d e te rm in e d  by a f f i x i n g  a  
f lo w  t r a n d u c e r  ( I n  V ivo M e tr ic s  M odel K, 4 mm lumen d ia m .)  
t o  th e  m ask o f  an  u n r e s t r a i n e d  c ra b .  V e n t i l a t o r y  w a te r  
f lo w  was re c o rd e d  a s  mean f lo w  w ith  a B io t r o n ix  Model 610
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E le c tro m a g n e tic  F lo w m ete r. The in s t ru m e n t  was c a l i b r a t e d  
b y  pum ping s e a  w a te r  o f  known flo w  r a t e s  th ro u g h  th e  t r a n s ­
d u c e r  a sse m b ly . Z ero  v e n t i l a t i o n  was s e t  by p la c in g  a  
f i n g e r  o v e r  th e - t r a n s d u c e r  lum en d u r in g  a  p e r io d  o f  apnoea  
f o r  e ac h  c ra b .
A R ad io m ete r BMS3 Mk2 B lood M icro  System  an d  PHM 71 
A c id -B ase  A n a ly z e r  w ere  u se d  to  d e te rm in e  oxygen t e n s io n  
and oxygen c o n te n t  (R a d io m e te r E5047 0£ E le c t r o d e  and th e  
pH (R ad io m ete r pH E le c t r o d e  G299A) o f  v a r io u s  sa m p le s . 
Oxygen t e n s io n  o f  e x p ir e d  s e a  w a te r  was m ea su re d  by draw ­
in g  a  w a te r  sam ple  from  w i th in  t h e  mask i n t o  a s y r in g e  
eq u ip p e d  w i th  a  l e n g th  o f  PE-90 tu b in g .  P r e -  and  p o s t -  
b r a n c h ia l  hemolymph sam p les  w ere  o b ta in e d  w ith  a  25 -g u ag e  
n e e d le  a t t a c h e d  to  an  ic e d  s y r in g e  from  th e  b a s e  o f  th e
3 rd  o r  4 5 th  w a lk in g  l e g  and  th e  p e r i c a r d i a l  c a v i ty ,  r e s p e c ­
t i v e l y .  P o s tb r a n c h ia l  hemolymph sam ples w ere  u se d  f o r  th e  
d e te r m in a t io n  o f  oxygen t e n s io n  and  oxygen  c o n te n t ,  w h ile  
p r e b r a n c h ia l  hemolymph was ta k e n  f o r  oxygen t e n s io n ,  oxygen 
c o n te n t ,  serum  p r o t e i n ,  pH and o s m o la l i ty  d e te r m in a t io n .
A ll  oxygen t e n s io n  m easu rem en ts w ere  o b ta in e d  
im m e d ia te ly  fo l lo w in g  th e  d raw in g  o f  a w a te r  o r  hemolymph 
sam p le . Oxygen c o n te n t  was d e te rm in e d  b y  l a y e r in g  hemo­
lymph sam p les b e n e a th  m in e ra l  o i l  i n  0 .4  ml p o ly e th y le n e  
tu b e s  and c e n t r i f u g i n g  f o r  5 m in u te s  a t  1 0 ,0 0 0  x  g . A
50 y l  hemolymph sam ple  was m ixed  w i th  a  s o l u t io n  o f  0 , 2 %
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p o ta s s iu m  f e r r i c y a n i d e  an d  th e  r e s u l t a n t  oxygen  t e n s io n  
m ea su re d  a s  d e s c r ib e d  by  L a v e r  e t  a l .  (1 9 6 5 ) ,
D u rin g  e a c h  sam p le  p e r io d  an  a d d i t i o n a l  75 -150  y l  
o f  p r e b r a n c h i a l  hemolymph was c e n t r i f u g e d  p r i o r  t o  m e a su re ­
m ent o f  pH, o s m o la l i ty  (W escor M odel 5100B V apor P r e s s u r e  
Osmom eter) and  p r o t e i n  c o n c e n t r a t i o n .  F o r  p r o t e i n  a n a l y s i s  
hemolymph was d i l u t e d  1 0 -2 0  f o l d  w i th  T r is -H C l b u f f e r  (pH 
7 .6 )  and  d u p l i c a t e  sa m p le s  w ere  m ixed  w i th  B io -R ad  P r o t e in  
Dye R eag en t (B io*R ad L a b o r a t o r i e s ) .  BSA was u s e d  a s  a  
p r o t e i n  s t a n d a r d .
A t t h e  end  o f  e a c h  e x p e r im e n ta l  t r e a tm e n t  hemo- 
c y a n in -o x y g e n  d i s s o c i a t i o n  c u rv e s  w ere  d e te rm in e d  on th e  
hemolymph sa m p le s . The a r t h r o d i a l  membrane a t  t h e  b a s e  o f  
th e  sw im m ert was p u n c tu re d  w i th  an  18-g a u g e  n e e d le  an d  3 -1 0  
ml o f  hemolymph was c o l l e c t e d  a f t e r  t h e  c l o t  was e x p re s s e d  
th ro u g h  c h e e s e  c l o t h .  R e q u ire d  d i l u t i o n s  w e re  o b ta in e d  w i th  
0 .4 - 0 .4 5  M N aC l. P ig m en t d i s s o c i a t i o n  was d e te rm in e d  
s p e c t r o p h o to m e t r i c a l l y  a s  t h e  oxygen  t e n s io n  was g r a d u a l ly  
re d u c e d  i n  a  vacuum  m anom eter s y s te m . C om ple te  d i s s o c i a ­
t i o n  was a c h ie v e d  b y  a d d i t i o n  o f  a  few  g r a i n s  o f  N a - d i t h i o n i t e  
t o  t h e  hemolymph sa m p le .
P e r c e n t  oxygen  e x t r a c t i o n  (E , %) from  a m b ie n t s e a  
w a te r ,  p e r c e n t  oxygen  e x t r a c t i o n  from  hemolymph by t i s s u e s  
(E h i% ), oxygen  c o n su m p tio n  r a t e  (VO2 ) , s t r o k e  volum e (SV) 
and  c a r d i a c  o u tp u t  (Q) w ere  c a l c u l a t e d  a s  o u t l i n e d  i n  
C h a p te r  I .
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N a p h th a le n e  s to c k  s o l u t io n s  w ere  p re p a re d  by pump­
in g  s e a  w a te r  o f  th e  a p p r o p r i a te  s a l i n i t y  th ro u g h  g la s s  
b o t t l e s  c o n ta in in g  r e a g e n t  g ra d e  n a p h th a le n e  c r y s t a l s  and 
g la s s  w o o l. Flow r a t e s  o f  th e  s to c k  s o l u t io n  and  s e a  
w a te r  d i l u e n t  w ere  a d ju s te d  to  a c h ie v e  d e s i r e d  t e s t  co n ­
c e n t r a t i o n s  i n  a  20 l i t e r  p l e x i g l a s s  t a n k .  C o n c e n tra t io n s  
w ere  d e te rm in e d  by  s c a n n in g  uv  s p e c tro p h o to m e try  i n  th e  
r e g io n  o f  n a p h th a le n e 's  a b so rb a n c e  maxima ( 2 2 0  nm) by th e  
m ethod o f  N e ff  and A nderson  (1 9 7 4 ) , In f lo w in g  w a te r  was 
w e l l  a e r a t e d  b u t  no a e r a t i o n  was p ro v id e d  in  th e  c o v e re d  
e x p e r im e n ta l  ta n k .  M easured  oxygen l e v e l s  i n  th e  ta n k  
ra n g e d  from  84-94% s a t u r a t i o n  f o r  a l l  e x p e r im e n ta l  p e r io d s ,
Flow  r a t e s  o f  t o x ic a n t s  *f d i l u e n t  summed to  a p p ro x im a te ly  
1
2 0 0  m l'm in  , w h ich  r e s u l t e d  i n  a  c i r c u l a t i o n  tim e  o f  1 0 0  
m in.
S ta n d a rd  b io a s s a y s  o f  24 h o u rs  w e re  c o n d u c te d  on
b lu e  c ra b s  a c c l im a te d  to  10 , 20 and  30 o /o o S . The sam ple
s i z e  f o r  e a c h  do se  was 10 c r a b s .  F iv e  d o se  l e v e l s  w ere
u se d  a t  e a c h  s a l i n i t y  i n  o r d e r  t o  c a l c u l a t e  T l ^ ’s ,  From
th e  b io a s s a y  d a ta  e x p e r im e n ta l  d o se  l e v e l s  o f  a p p ro x im a te ly
0 , 3 7 .5  and  75% TL f o r  24 h o u rs  w ere  e s t a b l i s h e d  f o r  c ra b sm
a c c l im a te d  to  10 and  30 o /o o S , F o r e ac h  o f  th e  s i x  t r e a t ­
m ent g ro u p s e ig h t  c ra b s  w ere  p la c e d  i n  a 2 0  l i t e r  c o m p a rt­
m e n ta l iz e d  p l e x i g l a s s  ta n k  w i th  60-80  l i t e r s  o f  c o n t in u o u s ly  
r e c i r c u l a t e d  s e a  w a te r  and  h e ld  o v e r n ig h t .  The fo l lo w in g  
day m easu rem en ts w ere  ta k e n  w hich  c o n s t i t u t e d  h o u r 0
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(h o u r 0) o f  th e  e x p e r im e n ta l  p e r io d .  C rabs w ere  th e n  
t r a n s f e r r e d  to  a  seco n d  ta n k  c o n ta in in g  th e  p a r t i c u l a r  
t e s t  c o n c e n t r a t io n  o f  n a p h th a le n e  and f u r t h e r  m easu rem en ts 
w ere  ta k e n  a t  h o u r  6 , 12 and 24 ,
S ex , c a ra p a c e  w id th  (cm) and w et w e ig h t w ere  
r e c o rd e d  a f t e r  h o u r  24 . E ach c ra b  was th e n  oven d r i e d  to  
c o n s ta n t  w e ig h t f o r  48 h o u rs  a t  80 °C . Wet and d ry  w e ig h t 
r e l a t i o n s h i p s  w ere  u se d  t o  c a l c u l a t e  body w a te r  l e v e l s .
D ata  a r e  p r e s e n te d  a s  means +  s ta n d a r d  e r r o r s  o f  
t h e  mean. The S t a t i s t i c a l  A n a ly s is  S ystem  g e n e r a l  l i n e a r  
m odels (GLM) p ro c e d u re  (SAS I n s t i t u t e  I n c . ,  1979) was 
u se d  a s  a  p a ck a g e  f o r  a l l  s t a t i s t i c a l  t r e a tm e n t  o f  th e  d a ta ,  
in c lu d in g  a n a ly s i s  o f  v a r i a n c e  (ANOVA), D uncan’s m u l t i p le  
ra n g e  t e s t  (D u n can ), l e a s t  s q u a re s  means and  p r o b a b i l i t y  
d i f f e r e n c e s  (LS MEANS) and  P r o b i t  A n a ly s is  (u se d  in  
d e te r m in a t io n  o f  TL ’ s ) .
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RESULTS
TABLE 1 sum m arizes th e  r e s u l t s  o f  n a p h th a le n e ' b i o ­
a s s a y s  c o m p le te d  w i th  C a l l i n e c t e s  s a p id u s . A lthough  s e n s i ­
t i v i t y  to  n a p h th a le n e  a p p e a rd  t o  i n c r e a s e  w i th  in c r e a s e d  
a c c l im a t io n  s a l i n i t y ,  c o n s id e r a b le  o v e r la p  o f  th e  f i d u c i a l  
ra n g e s  o c c u r r e d .  As a r e s u l t ,  th e  d a ta  o f  a l l  t h r e e  
s a l i n i t i e s  w ere  p o o le d  and a  mean 2 4 -h  T l^  o f  2 .4 0  ppm was 
e s t a b l i s h e d  a s  1 0 0 % T I^  f o r  f u r t h e r  i n v e s t i g a t i o n .
A c tu a l  n a p h th a le n e  c o n c e n t r a t io n s  i n  th e  e x p o su re  
cham bers d e v ia te d  o n ly  s l i g h t l y  from  t a r g e t  v a lu e s  (TABLE 2 ) .  
F o r p r a c t i c a l  p u rp o s e s ,  t h e  t a r g e t  d o se  l e v e l s  o f  0 , 3 7 ,5  
and 75% TLm w i l l  be  n o m in a l ly  r e f e r r e d  to  in  th e  fo l lo w in g  
d i s c u s s io n .
Hemolymph serum  o f  c ra b s  a c c l im a te d  t o  30 o /o o  and 
exposed  to  n a p h th a le n e  was is o o s m o tic  t o  am b ien t s e a  w a te r  
(TABLE 3 ) .  C o n s id e ra b le  v a r i a b i l i t y ,  common f o r  e s t u a r i n e  
i n v e r t e b r a t e s ,  e x i s t e d  b u t  no t im e  o r  n a p h ta h le n e  d o se  
e f f e c t s  w e re  r e c o r d e d .  C rabs a c c l im a te d  t o  10 o /o o  r e g u ­
l a t e d  h y p e r o s m o t ic a l ly . O s m o la li ty  d id  n o t  change  o v e r  t h e  
2 4 -h  t im e  c o u rs e  f o r  c o n t r o l  an d  37.5% T I^  g ro u p s , how ever, 
a  s i g n i f i c a n t  d e c l in e  was e v id e n c e d  by h o u r  6 , w h ich  p e r ­
s i s t e d  th ro u g h  h o u r  24 , i n  th e  75% T I^  g roup  (P < 0 .0 2 ,  LS 
MEANS). C o in c id e n ta l ly ,  t h e  h ig h  d o se  a t  10 o /o o  in d u c e d  
a  s i g n i f i c a n t  r i s e  i n  t i s s u e  h y d r a t io n .  Mean body w a te r  
l e v e l s  a t  th e  end  o f  th e  e x p e r im e n ta l  p e r io d  w ere  5% h ig h e r  
th a n  c o n t r o l s .
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T a b le  1
C a l l i n e c te s  s a p id u s . Mean 2 4 -h  TLm (ppm) and 
95% f i d u c i a l  l i m i t s  (FL) o f  p r o b i t  a n a ly s i s  
f o r  e x p o su re  t o  n a p h th a le n e .
S a l i n i t y  o /o o TIhi Range o f  95%, FL
30 1 .9 8 1 .5 0  - 2 .5 9
2 0 2 .2 5 0 . 6 8  - 2 .7 8
1 0 3 .1 2 2 .2 4  - 3 .4 0
P o o led  D ata 2 .4 0 2 .0 6  - 2 .6 9
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T a b le  2
N a p h th a le n e  a v e ra g e  d o se  l e v e l s  (ppm) f o r  2 4 -h  
e x p o su re s  w i th  95% c o n f id e n c e  l i m i t s . 100%.
TLm was e s t a b l i s h e d  as 2 .4 0  ppm. 
N a p h th a len e  c o n c e n t r a t io n s  w ere  
d e te rm in e d  6 - 1 0  t im e s  d u r in g  
each  2 4 -h  p e r io d .
S a l i n i t y  (o /o o ) T a rg e t  %TLm A verage Dose A c tu a l T I^
30 0 0 0
3 7 .5 0 .7  +  0 .1 29 ±  4
7 5 .0 1 . 8  +  0 . 1 75 ±  4
1 0 0 0 0
3 7 .5 0 .9  + 0 .2 38 + 8
7 5 .0 1 .9  t  0 .3 7 9  ±  1 2
Table 3
CallinecteB sapidus. Hemolymph osmolality (mOsm/kg) of control and naphthalene-exposed crabs. 
Percent body water (B.W.) was recorded at hour 24. Sample size = 6-8.
Salinity (o/oo) 7<>TLm SW Hour o Hour 6 Hour 12 Hour 24 % B.W.
30 0 863 861 ± 12 849 + 8 853 + 7 848 + 14 71.89 + 1.66
37.5 873 849 t 11 856 + 6 875 + 13 887 + 9 67.63 + 1.35
75 880 863 + 14 862 + 17 830 + 14 831 + 21 69.57 + 1.37
10 0 295 687 11 667 + 15 691 + 6 680 + 13 69.13 + 1.71
37.5 293 687 + 12 682 + 9 659 + 19 682 + 11 70.78 + 1.60
75 292 706 + 23 646 + 12a 630 + 10a 651 + lla 74.90 + 1.63b
aDiffers significantly from hour 0 (P<0.05). 
^Differs significantly from 0% TL^ value (P <0.026).
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V e n t i l a t i o n  volum e was u n a f f e c te d  by  a c c l im a t io n
s a l i n i t y .  Mean V f o r  c o n t r o l  h o u rs  was 80 +  23 ml*m in"^*w —
123 g w e t w t” ^ a t  30 o /o o S  and  60 +  7 m l - m in " ! '123 g w et 
w t“ ^ a t  10 o /o o S . V e n t i l a t i o n  volum e in  th e  75% TLjh g roup  
was h ig h e r  th a n  c o n t r o l  Vw a t  h o u r 6 a t  30 o /o o  (FIGURE 1.;
P < 0 .0 1 , LS MEANS) and a t  h o u r  6 and  h o u r 12 a t  10 o /o o  
(P < 0 .0 1  f o r  b o th  t im e s ,  LS MEANS). Vw o f  c ra b s  i n  e ac h  
s a l i n i t y  r e tu r n e d  to  c o n t r o l  l e v e l s  b y  h o u r  24 , Mean 
v e n t i l a t i o n  a v e ra g e d  o v e r  th e  2 4 -h  tim e  c o u rs e  was 70% 
h ig h e r  th a n  t h a t  o f  c o n t r o l s  f o r  t h e  10 o /o o  -  75% TLjq g roup  
(103 +  7 m l, m in " l '1 2 3  g w et w t" ^ , P < 0 .0 0 0 1 , LS MEANS), b u t  
d id  n o t  d i f f e r  s t a t i s t i c a l l y  from  c o n t r o l s  i n  th e  30 o /o o  - 
75% TLm g ro u p . Vw a t  3 7 .5 T I ^  was n o t  d i f f e r e n t  from  c o n t r o l  
a t  any tim e  f o r  e i t h e r  s a l i n i t y ,  a lth o u g h  r e c o r d e d  means 
w ere  a lw ays in te r m e d ia te  b e tw een  0 and75% T I^ .
P e r io d s  o f  a p n o ea  l a s t i n g  s e v e r a l  se co n d s  w ere  
common f o r  c o n t r o l  c r a b s  a t  b o th  s a l i n i t i e s ,  how ever, 
e x p o su re  to  e i t h e r  low  o r  h ig h  n a p h th a le n e  c o n c e n t r a t io n s  
l e d  t o  c o n s ta n t  v e n t i l a t i o n  f o r  th e  2 4 -h  d u r a t io n  o f  
r e c o r d i n g s .
L i t t l e  change  was r e c o rd e d  i n  p e r c e n t  oxygen e x t r a c ­
t i o n  from  w a te r  by th e  g i l l s  (TABLE 4 ) .  A s i g n i f i c a n t  i n ­
c r e a s e  i n  E was r e g i s t e r e d  o v e r  th e  tim e  c o u rs e  o f  e x p o su re  
t o  37.5% T I^  in  th e  30 o /o o  s a l i n i t y  g roup  (ANOVA, P < 0 ,0 0 0 1 ) , 
H ow ever, th e  v a lu e s  d id  n o t  d i f f e r  from  e i t h e r  0 o r  75% TL^ 
t r e a tm e n ts  a t  h o u r  24 ,
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F ig u re  1 . C a l l i n e c t e s  s a p id u s . Time c o u rs e  o f  n o rm a liz e d
v e n t i l a t i o n  volum e o f  c ra b s  a c c l im a te d  to  1 0  o /o o
(u p p e r  p a n e l )  and  30 o /o o  ( lo w e r p a n e l ) . Symbols
r e p r e s e n t  n a p h th a le n e  d o se  l e v e l s : o  = o% TL^ , •  -
37.5%  TL , ■ =  75% TL . V e r t i c a l  l i n e s  r e p r e s e n tm m
s ta n d a r d  e r r o r s  o f  th e  p l o t t e d  m ean. Sam ple s i z e  i s  


























C a l l in e c te s  s a p id u s . P e rc e n t oxygen e x t r a c t i o n  (E) 
From w a te r .  Sample s iz e  i s  5.
S a l i n i t y 30 o /o o 1 0  o /o o
% TLm 0 37 .5 75 0 3 7 .5 75
Hour 0 47 + 3 40 + 3 54 + 3 49 + 5 40 ± 5 44 + 5
Hour 6 46 ± 3 37 + 4 50 + 3 48 + 4 34 ± 4 48 + 4
Hour 1 2 52 ± 2 53 + 3a 55 + 3 47 + 4 42 ± 4 55 + 4
Hour 24 54 ± 3 57 + 2 a 58 + 2 46 + 7 41 f 6 37 + 2
a D i f f e r s  s i g n i f i c a n t l y  from  Hour 0 ( P < 0 .0 5 ) .
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Oxygen co n su m p tio n  r a t e s  a t  10 o /o o  w ere  80 "t 7
m l-k g  w et w t~ 1 .h ~ 1 o r  265 ±  23 u l - g  d ry  w t - l . h - 1  and  a t
30 o /o o  w ere  72 + 13 m l-k g  w et wt~^*h"'^' o r  239 "t 44 u l - g  
-1  -1d ry  w t -h  T hese  v a lu e s  w ere  n o t  s t a t i s t i c a l l y  d i f ­
f e r e n t .  For b lu e  c ra b s  a c c l im a te d  to  10 o /o o  th e  r a t e  o f  
oxygen u p ta k e  d u r in g  n a p h th a le n e  e x p o su re  fo llo w e d  a  p a t ­
t e r n  s i m i l a r  to  t h a t  o f  V (FIGURE 2 ) .  O nly th e  75% TLw m
d o se  g roup  had  n o rm a liz e d  V0 2 ' s  w h ich  d i f f e r e d  from  co n ­
t r o l s  d u r in g  a  p a r t i c u l a r  h o u r ly  p e r io d  and VO2 i n  t h i s  
c a s e  was n o t  d i f f e r e n t  from  c o n t r o l  a t  h o u r 24 . N ap h th a­
le n e  ex p o sed  c ra b s  a t  30 0 / 0 0  had  a VO2 w h ich  was n e a r ly  
d o u b le  th e  c o n t r o l  l e v e l s  a t  h o u r 24 , r e g a r d l e s s  o f  dose  
l e v e l .  T h e r e fo r e ,  e x p o su re  to  3 7 .5  and  757, TLm i n  b o th  
s a l i n i t i e s  l e d  t o  an o v e r a l l  i n c r e a s e  in  VO2 , b u t  V0 2 o n ly  
rem a in e d  e le v a te d  f o r  c ra b s  a c c l im a te d  to  h ig h  s a l i n i t y .
H e a r tb e a t  f re q u e n c y  o f  c o n t r o l  i n d iv i d u a l s  a v e ra g e d  
8 3 + 8  and 8 8 + 7  b e a t s ’m in- ^ , r e s p e c t i v e l y ,  a t  10 and 30 
0 / 0 0 . B r i e f  p a u se s  i n  FH o f  a few  se co n d s  d u r a t io n  o c c a s io n ­
a l l y  o c c u r re d  i n  c o n t r o l  c r a b s .  The ch an g es i n  a s s o c i a t e d  
w i th  e x p o su re  t o  n a p h th a le n e  a g a in  fo llo w e d  d i s s i m i l a r  
p a t t e r n s  f o r  e ach  a c c l im a t io n  s a l i n i t y  (FIGURE 3 ) ,  However, 
a t  e ach  s a l i n i t y ,  p e r io d s  o f  b r a d y c a r d ia  l a s t i n g  30 s e c  -  
1  m in w ere  common a t  h o u r  6 , b u t  few  to  no p a u se s  w ere  
o b s e rv e d  a t  h o u r  12 an d  h o u r  24 , A t 10 0 / 0 0  a  s l i g h t
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F ig u re  2 . C a l l i n e c te s  s a p id u s . Time c o u rs e  o f  n o rm a liz e d  
oxygen consum ption  r a t e  o f  c ra b s  a c c l im a te d  to  1 0  
o /o o  (u p p e r  p a n e l)  and  30 o /o o  ( lo w e r  p a n e l ) . Symbols 
r e p r e s e n t  n a p h th a le n e  d o se  l e v e l s :  o  = 0 % TLm, • =
37.5% T l^ f  m= 75% TLm. V e r t i c a l  l i n e s  r e p r e s e n t  
s ta n d a r d  e r r o r s  o f  th e  p l o t t e d  mean. Sample s i z e  i s  



















F ig u re  3 . C a l l i n e c t e s  s a p id u s . Time c o u rs e  o f  n o rm a liz e d
h e a r t  r a t e  o f  c ra b s  a c c l im a te d  to  1 0  o /o o  (u p p e r
p a n e l)  and  30 o /o o  ( lo w e r  p a n e l ) .  Sym bols r e p r e s e n t
n a p h th a le n e  d o se  l e v e l s :  o  = 0% TL . • =  37.5% TL ,m m
* = 75% TL^. V e r t i c a l  l i n e s  r e p r e s e n t  s t a n d a r d  e r r o r s  






















i n c r e a s e  i n  th e  FH o f  t h e  37,5%  T I^  g ro u p  o c c u r r e d  by  h o u r  
6  and  p e r s i s t e d  a t  h o u r  12 (P < 0 ,0 5 ,  LS MEANS), C o n v e rs e ly , 
t h e  757» T I^  e x p o su re  in d u c e d  a  d e c l in e  i n  F^ o f  21%, A t 
h o u r  24 t h e  h e a r t  r a t e  was v i r t u a l l y  I d e n t i c a l  f o r  a l l  
t h r e e  g ro u p s .
A t 10 o /o o  s t r o k e  vo lum e was n o t  a l t e r e d  in  e i t h e r  
t h e  c o n t r o l  o r  37.5%  TL^ g ro u p  (TABLE 5 ) ,  I n c r e a s e d  s t r o k e  
vo lum e was r e c o r d e d  a t  h o u r s  6 , 12 , an d  24 o f  t h e  757o T I^  
e x p o s u re . T h is  r e s u l t e d  i n  in c r e a s e d  c a r d i a c  o u tp u t  d u r in g  
th e  l a s t  t h r e e  sa m p lin g  p e r io d s  o f  t h e  75% T I^  a t  10 o /o o  
(TABLE 6 ) ,  The i n c r e a s e d  v e n t i l a t i o n  o b s e rv e d  a t  t h e  h ig h  
d o se  was acco m p an ied  b y  in c r e a s e d  p e r f u s io n ,  r e s u l t i n g  i n  
an  in c r e a s e d  VC>2 . The in c r e a s e d  b lo o d  f lo w  was due to  
c h an g e s  i n  th e  h e a r t  s t r o k e  vo lum e, n o t  f r e q u e n c y  o f  b e a t s .
C. s a p id u s  a c c l im a te d  t o  30 o /o o  d e m o n s tra te d  a  
d i f f e r e n t  r e s p o n s e  t o  n a p h th a le n e  e x p o s u re . I n c r e a s e d  FH 
was e x h i b i t e d  a t  h o u r  2 4 , b u t  n o t  b e f o r e  t h i s  t im e . The 
i n c r e a s e  was d o s e -d e p e n d e n t (FIGURE 3 ) .  A t b o th  3 7 .5  and  
75% TLm s t r o k e  volum e was e l e v a t e d  s i g n i f i c a n t l y  d u r in g  
h o u r  6  and  h o u r  12 (TABLE 5 ; P < 0 .0 0 0 1 , LS MEANS). S tro k e  
volum e re m a in e d  h ig h  a t  h o u r  24 i n  th e  37.57o T I^  g ro u p , 
b u t  h ad  r e t u r n e d  to  c o n t r o l  i n  th e  75% T I^  d o se . C a rd ia c  
o u tp u t  fo l lo w e d  th e  same g e n e r a l  p a t t e r n ,  e r a t i c a l l y  
i n c r e a s in g  b y  h o u r  6  (TABLE 6 ) .  S t r o k e  volum e ch an g e s  
a g a in  w ere  im p l i c a te d  in  a l t e r e d  c a r d i a c  o u tp u t ,  w h i le  
h e a r t  r a t e  re m a in e d  s t a b l e  u n t i l  t h e  l a t e r  s t a g e s  o f  t h e
Table 5
Callinectes sapidus. Stroke volume (SV, ml • beat~^ • 123 g wet wt”^).
Sample size is 5.
Salinity (o/oo) % TLm Hour 0 Hour 6 Hour 12 Hour 24
30 0 0.37 + 0.29 - - 0.24 + 0.14
37.5 0.30 + 0.04 0.51 + 0.09a 0.81 + 0.20a 0.63 + 0.19a
75 0.32 + 0.05 0.50 + 0.06a 0.88 + 0.24a 0.38 + 0.08
10 0 0.19 + 0.02 0.21 + 0.03 0.27 + 0,01a 0.24 + 0.06
37.5 0.32 + 0.13 0.28 + 0.07 0.32 + 0.10 0.35 0.16
75 0.18 + 0.06 0.64 + 0.31a 0.54 + 0,13a 0.37 + 0.11a
aDiffers significantly from value at hour 0 (P<0.05),
C a l l in e c te s s a p id u s .
T ab le  6
C a rd ia c  o u tp u t  (Q, m.1 • 
Sample s i z e  i s  5 .
m in '-1 123 g w et wt
S a l i n i t y 30 o /o o 1 0  o /o o
70TLm 0 37 .5 75 0 3 7 .5 75
Hour 0 28 + 20 25 t  3 23 + 7 22 ± 7 16 +  5 17 + 7
Hour 6 - 51 + 19 41 + 15 18 + 2 21 + 4 39 + 23
Hour 12 - 63 + 20a 45 + 7a 23 + 4 29 + 6 45 + 2 a
Hour 24 28 ±  15 43 + 5a 34 + 6 19 + 3 2 1  + 7 30 + 2a
a D i f f e r s  s i g n i f i c a n t l y  from  Hour 0 ( P < 0 .0 5 ) .
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e x p e r im e n ta l  d o s in g  p e r io d .  At t h i s  p o i n t ,  g i l l  p e r f u s io n  
by b lo o d  was due t o  e le v a te d  FR and SV. The s l i g h t  i n c r e a s e  
i n  th e s e  b lo o d  f lo w  v a r i a b l e s  a c c o u n ts  f o r  th e  p e r s i s t e n c e  
o f  a  n e a r l y  2 - f o ld  in c r e a s e d  VO2  a t  h o u r  24 .
I n  o r d e r  t o  o b ta in  m ore in fo rm a t io n  on th e  oxygen 
t r a n s p o r t  c h a r a c t e r i s t i c s  o f  b lu e  c ra b  hemolymph d u r in g  
n a p h th a le n e  e x p o su re  i n  v i t r o  oxygen-hem ocyan in  b in d in g  
p r o p e r t i e s  w ere exam ined a s  w e l l  a s  oxygen l e v e l s  and
hemolymph pH. TABLE 7 d e m o n s tra te s  th e  change  in  oxygen
a f f i n i t y  (P 5 0 ) a s  a  f u n c t io n  o f  n a p h th a le n e  e x p o su re  and 
am b ien t s a l i n i t y .  U nder c o n t r o l  c o n d i t io n s  th e  oxygen 
a f f i n i t y  o f  hem ocyanin  i s  g r e a t e r  a t  30 0 / 0 0  th a n  10 0 / 0 0  
( s e e  C h a p te r  I ) . A d e c re a s e d  hemolymph P^q o c c u r re d  a f t e r  
b o th  e x p o su re  d o se s  a t  30 0 / 0 0 . When c ra b s  w ere  a c c l im a te d  
to  10 0 / 0 0  and  s u b je c te d  to  a  37.5% TLm n a p h th a le n e  dose
l e v e l ,  t h e  P ^ q d e c re a s e d  n e a r l y  4 .0  t o r r ,  a  l a r g e  m ag n itu d e
c o n s id e r in g  th e  n o rm al ra n g e  o f  p r e b r a n c h ia l  oxygen te n s io n ,  
However, no  change o c c u r re d  i n  oxygen a f f i n i t y  when c ra b s  
w ere  ex p o sed  to  75% T I^  a t  10 0 / 0 0 . The p re s e n c e  o f  
n a p h th a le n e  and  n a p h th a le n e  m e t a b o l i t i e s ,  and  th e  a l t e r e d  
i n t e r n a l  m i l i e u  w h ich  t h e s e  in d u c e , in  th e  b lo o d  and 
t i s s u e s  a p p e a r  t o  a l t e r  t h e  c h a r a c t e r i s t i c s  o f  hem ocyanin  
i n  v i t r o , su ch  t h a t  oxygen i s  m ore t i g h t l y  bound.
The c o n c e n t r a t io n  o f  hem ocyan in , p e r  s e ,  l i k e l y  
d id  n o t  ch an g e . Hemolymph serum  p r o t e i n  c o n c e n t r a t io n s  a t  
10 0 / 0 0  (44  +  5 mg*ml“ ^) and 30 0 / 0 0  (35 +  3 m g 'm l^ )  w ere
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T a b le  7
C a l l i n e c t e s  s a p id u s , In  v i t r o  oxygen a f f i n i t y  
o f  hem ocyanin  a s  a f u n c t i o n o f  n a p h th a le n e  
d o se  fo l lo w in g  fo l lo w in g  24 h o u rs  o f  
e x p o su re .
S a l i n i t y  (o /o o ) Dose (ZTI^) F 5 0 ( t o r r ) a
30 0 1 0 .3
3 7 .5 8 .9 b
75 9 . l b
1 0 0 1 3 .1
3 7 .5 9 .4 b
75 1 2 .7
P50 o f  c o n t r o l s  a t  1 0  o /o o  s i g n i f i c a n t l y  h ig h e r  th a n  
c o n t r o l s  a t  30 o /o o  ( P < 0 ,0 0 0 1 ) .
bP50 d i f f e r s  s i g n i f i c a n t l y  from  0% TL^ ( P < 0 .0 0 1 ) .
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u n a l t e r e d  d u r in g  th e  2 4 -h  t im e  c o u rs e  o f  any  one  o f  t h e  s i x  
t r e a tm e n ts .  A p p ro x im a te ly  90% o f  t h e  p r o t e i n  i n  in te r m o l t  
c ra b  hemolymph i s  hem ocyanin  p r o t e i n  (T ru c h o t, 1978; Horn 
and  K e r r ,  1 9 6 9 ). T h is  f i n d in g  do es n o t  r u l e  o u t  th e  
p o s s i b i l i t y  o f  in d u c e d  ch an g es i n  hem ocyanin  s u b u n i ts  upon 
e x p o su re  t o  n a p h th a le n e .
Oxygen c o n te n t  o f  p r e -  and  p o s tb r a n c h ia l  hemolymph 
d u r in g  a l l  p h a s e s  o f  t h e  e x p e r im e n ts  i s  d is p la y e d  in  TABLE 8 . 
A t 30 o /o o  a  s l i g h t  d e c r e a s e  o c c u r r e d  in  mean CAO2  and  CVO2  
d u r in g  th e  tim e  c o u rs e  o f  3 7 .5  and  75% T I^  e x p o su re . No 
change o c c u r r e d  i n  hemolymph oxygen c o n te n t  o f  c ra b s  
a c c l im a te d  to  1 0  0 / 0 0  and  ex p o sed  to  a  d o se  o f  37,5% TLjg, 
w h e rea s  a  l a r g e  d e c re a s e  o c c u r re d  i n  CAO2  o f  th e  g roup  
ex p o sed  to  757o T I^ ,
D uring  a l l  n a p h th a le n e  e x p o s u re s ,  r e g a r d l e s s  o f  
s a l i n i t y ,  p r e b r a n c h ia l  oxygen t e n s io n  d e c l in e d  (TABLE 9 ) ,
The g e n e r a l  t r e n d  f o r  th e  d e c l in e  was e v id e n t  by  h o u r  6 
(P < 0 ,0 5  i n  a l l  4 n a p h th a le n e -e x p o s e d  g ro u p s  a t  h o u r  12 ,
LS MEANS) and  c o n tin u e d  th ro u g h  h o u r 24 , S l i g h t  d e c r e a s e s  
w ere  r e c o rd e d  in  mean FAC^ d u r in g  e x p o su re  to  n a p h th a le n e ,  
w h ich  w ere  i n  some c a s e s  c o r r e l a t e d  w i th  s i m i l a r  d e c l in e s  
i n  CAO2 .
E x p o su re  to  n a p h th a le n e  in d u c e d  a l k a l o s i s  i n  b lu e  
c r a b s  a d a p te d  to  b o th  10 and  30 0 / 0 0  (FIGURE 4 ) .  I n c r e a s e d  
p r e b r a n c h ia l  pH o f  e x p o su re  g ro u p s  o c c u r re d  by  h o u r  6 a t  
30 0 / 0 0  (P < 0 ,0 0 0 1 ) and h o u r  12 a t  10 0 / 0 0  (P < 0 ,0 2 ) ,
Table 8
C a llin e c te s  aap ld u s . P reb ran ch ia l and p o s tb ra n c h ia l hemolymph oxygen co n ten t (v o ls  V) .
Sample s iz e  ranged from 5 to  8 .
S a l in i ty  (o /oo)
Hour 0 Hour 6 Hour 12 Hour 24
CAo2 CVOj cA02 CVĈ CAOz fcvo2 cao2 cv02
30 0 1.18+0.13 0.39+0.07 1.29+0.18 0.37+0.14 - - 1,24±0.07 0.48+0.08
37.5 ‘ 1.23+0.15 0.60+0.11 0.98+0.09 0.37±0.08® 0.98+0.06 0.29+0.10® 0.95+0.06® 0.34+0.05®
75 1.29+0.14 0.50+0.10 1.25+0.07 0.41+0.12 1.20+0.23 0.41+0.12 1.16+0.07 0.34+0.07
10 0 1.3810.11 0.42+0.09 1.44+0.12 0.48+0.12 1.33+0.07 0.43+0.08 1.33+0.07 0.37+0.08
37.5 1.20^0.17 0.33+0.07 1.24+0.09 0.37+0.10 1.14+0.10 0.29+0.05 1.24+0.09 0.34+0.10
75 1.45+0.11 0.39+0.07 1.04+0.10® 0.32+0.14 0.9710.14® 0.22+0.07 0.88+0.15® 0.31+0.06
aD iffe ra  s ig n i f ic a n t ly  from recorded  value  a t  hour 0 (P < 0 .0 5 ) .
Table 9
C a l l i n e c t e s  s a p i d u s . P r e b r a n c h i a l  and  p o s t b r a n c h i a l  hemolymph 
oxygen t e n s io n s  ( t o r r ) . Sample s i z e  r a n g e d  
from  5 to  8 .
S a l i n i t y 30 o /oo 1 0  o /o o
7= TL m 0 37 .5 75 0 37 .5 75
Hour
PAO« 
0  z 47
+ 3 49 + 3 46 + 2 47 + 2 48 + 5 47 + 3




41 + 5 40 + 2 a 47 + 5 41 + 2 42 + 2 37 + 3a
pvo2 14 + 3 1 1 + l a 1 1 + 1 15 t 2 13 t 2 1 1 + l a
Hour
PA0„ 
1 2  Z
46 + 3 44 + 2 39 + 3a 43 + 4 40 + 2 34 + 3a




44 + 2 42 + 2 a 35 + 3a 48 + 5 44 + 3 41 t 5
pvo2 13 + 2 9 t 2 a 8 + l a 19 + 2 12 + 2 a 8 + l a
a D i f f e r s  s i g n i f i c a n t l y  from r e c o rd e d  v a lu e  a t  Hour 0 ( P < 0 . 0 5 ) .
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F ig u r e  4 . C a l l i n e c t e s  s a p i d u s . Time c o u rs e  o f  change i n  
p r e b r a n c h i a l  hemolymph pH o f  c r a b s  a c c l im a te d  t o  10 
o /o o  (u p p e r  p a n e l )  and 30 o /o o  ( lo w er  p a n e l ) . Symbols 
r e p r e s e n t  n a p h th a le n e  dose  l e v e l s : o  = 0 % TLm, • =
37.5% TLm, • -  75% TLm. V e r t i c a l  l i n e s  r e p r e s e n t  
s t a n d a r d  e r r o r s  o f  t h e  p l o t t e d  mean. Sample s i z e  i s  

















By h o u r  24 t h e  mean v a lu e s  f o r  10 o /o o  c r a b s  w ere  h i g h e r  
t h a n ,  b u t  n o t  d i f f e r e n t  from , c o n t r o l  pH, The 30 o /o o  
a c c l im a te d  c r a b s  e x h i b i t e d  a  d o s e -d e p e n d e n t  a l k a l o s i s  a t  
h o u r  24,
DISCUSSION
The p o o l e d - s a l i n i t y  2 4 -h  T I^  t o  n a p h th a le n e  f o r  C. 
s a p id u s  i s  2 .4 0  ppm. D u rin g  b i o a s s a y s  b lu e  c r a b s  s u b j e c t e d  
t o  n a p h th a le n e  d o se s  above t h e  2 4 -h  TL^ e x h i b i t e d  c o n s id ­
e r a b l e  h y p e r a c t i v i t y  w i t h i n  t h e  f i r s t  two h o u r s ,  P e a rs o n  
and O l la  (1980) r e p o r t e d  s i m i l a r  o b s e r v a t i o n s  o f  C. s a p i d u s , 
K i n t e r  and P r i t c h a r d  (1977) a t t r i b u t e d  c o n v u l s iv e  movements 
o f  i n d i v i d u a l s  exp osed  t o  c h l o r i n a t e d  h y d ro c a rb o n s  to  
chang es  i n  i o n  p e r m e a b i l i t y  o f  n e rv e  mem branes. N a p h th a le n e  
a p p e a r s  t o  e x e r t  a  s i m i l a r  e f f e c t ,  b u t  t h i s  e f f e c t  i s  o n ly  
e v id e n t  a t  l e t h a l  c o n c e n t r a t i o n s .  The g r a s s  sh r im p , 
P a la e m o n e te s  p u g i o , and  brown sh r im p , P enaeu s  a z t e c u s , had  
24 -h  T I ^ ' s  o f  2 .4  and  2 .5  ppm, r e s p e c t i v e l y  (N e f f  e t  a l . ,  
1976; A nderson  e t  a l . , 1 9 7 4 a ) ,
P r e v io u s  i n v e s t i g a t i o n s  h a v e  d e a l t  w i t h  m e ta b o l i c  
r a t e  f u n c t i o n s  o f  m a r in e  i n v e r t e b r a t e s  and  f i s h e s  ex p o sed  
t o  p e t ro le u m  h y d ro c a rb o n s  f o r  a c u t e - s h o r t  (min -  h ) , a c u t e -  
lo n g  (h  -  d a y s ) ,  and c h r o n ic  (days  -  w eeks) d u r a t i o n s .  The 
p r e s e n t  i n v e s t i g a t i o n  f a l l s  i n t o  t h e  a c u t e - l o n g  c a t e g o r y .  
D u rin g  a c u t e - s h o r t  te rm  p e t r o le u m  h y d ro c a rb o n  e x p o s u r e s , 
a t  o r  n e a r  t h e  24 -h  T I^ ,  N e f f  e t  a l .  (1976) r e p o r t e d
109
i n c r e a s e d  V0 2  i n  M y s id o p s is  a lm yra  and d e c r e a s e d  V0 2  i n  
P . p u g i o . The V02  p a t t e r n  o f  C. s a p id u s  fo l lo w e d  t h a t  o f  
M. a lm y ra  d e m o n s t r a t in g  a  r i s e  d u r in g  t h e  f i r s t  1 2 .h o u r s ,  
C rabs a t  10 o /o o  d id  n o t  e x h i b i t  V02  d i f f e r e n c e s  b e tw een  
e x p o su re s  and  c o n t r o l s  a t  h o u r  24 , T h is  p a t t e r n  i s  q u i t e  
s i m i l a r  t o  t h a t  found  f o r  p in k  salm on f r y ,  Oncorhynchus 
g o rb u sc h a  ex posed  t o  n a p h th a le n e  (Thomas and R ic e ,  1979 ) ,  
L ik e w is e ,  32 days  o f  e x p o su re  t o  d im e th y ln a p h th a le n e  d id  
n o t  in d u c e  s i g n i f i c a n t  e l e v a t i o n  o f  V02  i n  P. p u g io  
( D i l l o n ,  1 9 8 1 ) .  Thomas and R ic e  (1979) h y p o th e s iz e d  t h a t  
an i n c r e a s e d  e x t r a c t i o n  e f f i c i e n c y  m ig h t  h av e  o c c u r r e d  i n  
t h e  f i s h e s .  B lu e  c r a b  e x t r a c t i o n  e f f i c i e n c y  from  b o th  w a te r  
and  hemolymph was e s s e n t i a l l y  u nchanged . A d d i t i o n a l l y ,  
v e n t i l a t i o n  o f  1 0  o /o o  c r a b s  fo l lo w e d  a  p a t t e r n  similar to  
VO2 . A l t e r e d  hemolymph oxygen l e v e l s  and  hem ocyanin  b in d in g  
c h a r a c t e r i s t i c s  o c c u r r e d  a t  h o u r  24,
The o f t e n  o b s e rv e d  t r e n d  o f  t h e  r e s p i r a t o r y  com­
p o n e n ts  t o  r e t u r n  t o  c o n t r o l  l e v e l s  by h o u r  24 m ig h t  be  
a t t r i b u t e d  to  e i t h e r  1 ) h a b i t u a t i o n  t o  t h e  n a p h th a le n e  
s t r e s s  o r  2 ) a  d e c r e a s e  o r  p l a t e a u  o f  t h e  t i s s u e  b u rd e n  o f  
n a p h th a le n e .  S in g e r  and  Lee (1977) docum ented t h e  e x i s ­
t e n c e  o f  m ix e d - f u n c t io n  o x y g en ase  (MFO) a c t i v i t y  i n  v a r io u s  
t i s s u e s  o f  t h e  b l u e  c r a b ,  w h ic h  was p a r t i c u l a r l y  h ig h  d u r ­
in g  i n t e r m o l t .  The t im e  c o u r s e  o f  m e t a b o l i t e  fo rm a t io n  
due t o  b a s e l i n e  and in d u c e d  MFO a c t i v i t y  m ig h t  a p p ro x im a te  
t h e  2 4 -h  t im e  c o u r s e  o f  t h e  p r e s e n t  s tu d y .  T i s s u e  b u rd e n
110
o f  b e n z o ( a ) p y r e n e  i n  b l u e  c r a b s  l e v e l l e d  o f f  a f t e r  2  days 
o f  e x p o s u re ,  even  thou gh  u p ta k e  from  t h e  w a te r  column p e r ­
s i s t e d  (Lee e t  a l , ( 1 9 7 6 ) ,  The d e t o x i f i c a t i o n  sy s te m  o f
C. s a p id u s  m ig h t  be  i m p l i c a t e d  i n  t h e  o b se rv e d  s t a b i l i z a ­
t i o n  o f  oxygen t r a n s p o r t  v a r i a b l e s  i n  some c a s e s  a f t e r  24 
h o u r s  o f  n a p h th a le n e  e x p o s u re .
Crabs a c c l im a te d  t o  30 o /o o  h a d  an  i n c r e a s e d  VO2  
upon e x p o su re  t o  3 7 .5  and  75%. T I^  n a p h th a le n e  a t  h o u r  24. 
S a l i n i t y  does n o t  a f f e c t  VO2  o f  s t e p w is e  a c c l im a te d  b lu e  
c r a b s  ( s e e  C h a p te r  I ) .  L a u g h l in  and N e f f  (1979) fo u nd  an 
i n c r e a s e d  VO2 upon 5 day  p o l y c h l o r i n a t e d  n a p h th a le n e  
e x p o su re  o f  j u v e n i l e  mud c r a b s ,  R h i th ro p a n o p e u s  h a r r i s i i ,  
w h ich  was en hanced  a t  low s a l i n i t y .  The i n c r e a s e d  VO2  
r e p o r t e d  i n  t h e  p r e s e n t  s tu d y  c o r re s p o n d e d  t o  s l i g h t l y  
e l e v a t e d  mean e x t r a c t i o n  e f f i c i e n c i e s  o f  t i s s u e s ,  P e r c e n t  
t i s s u e  e x t r a c t i o n  o f  oxygen  from  hemolymph i n c r e a s e d  from 
5 1 + 4  (h o u r  0) t o  61 +  6 (h o u r  24) a t  37.5% T I^  -  30 
0 / 0 0  and  from  6 4 + 3  (h o u r  0) t o  71 +  3 (ho u r  24) a t  75%
TLm -  30 0 / 0 0 . T h e r e f o r e ,  t h e  s a l i n i t y - r e l a t e d  d i f f e r e n c e s  
o b s e rv e d  i n  VO2  may n o t  r e l a t e  t o  c e l l  o sm o tic  r e g u l a t i o n  
b u t  t o  a n o th e r  p r i o r i t y ,  s u c h  a s  a c i d - b a s e  e q u i l i b r i u m .
Changes i n  s p e c i f i c  a c t i v i t y  o f  s e v e r a l  g l y c o l y t i c  
enzymes h ave  b e en  r e l a t e d  t o  c ru d e  o i l ,  cadmium and s a l i n i t y  
s t r e s s  i n  c r u s t a c e a n s  (Chambers e t  a l . ,  1978; Gould, 1 9 8 0 ) ,  
The l e v e l  o f  a n a e ro b ic  m e ta b o l ism  a s s o c i a t e d  w i t h  chang es  
i n  enzyme a c t i v i t i e s  a t  d i f f e r i n g  s a l i n i t i e s  u n d o u b te d ly
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p la y s  a  m a jo r  r o l e  i n  an im a l  r e s p o n s e s  t o  p e t r o l e u m - d e r i v e d  
h y d ro c a rb o n s ,  T ru c h o t  (1980) h a s  r e c e n t l y  shown t h a t  l a c t a t e ,  
t h e  p r im a ry  a n a e r o b ic  end  p r o d u c t  i n  d e c a p o d s ,  i n c r e a s e s  
t h e  oxygen a f f i n i t y  o f  t h e  hem ocyanin  o f  t h e  c r a b s ,  C a rc in u s  
maenas and  C ancer  p a g u r u s . F u t u r e  i n v e s t i g a t i o n s  o f  
a n a e r o b ic  m e ta b o l ism  r e l a t e d  t o  o i l  s t r e s s  w i l l  be  i n f o r m a t i v e ,
A p a u c i t y  o f  l i t e r a t u r e  e x i s t s  c o n c e rn in g  c a r d i a c  
r e s p o n s e s  o f  c r u s t a c e a n s  (Edw ards, 1978; Zimmer e t  a l . ,
1979) and f i s h e s  (A nderson  e t  a l , , 1977; Wang and  N ic o l ,
1977) t o  o i l  e x p o s u re .  The g e n e r a l  r e s p o n s e  o f  h e a r t b e a t  
f r e q u e n c y  i s  an i n i t i a l ,  p o s s i b l y  b e h a v i o r a l l y  r e l a t e d ,  
r e d u c t i o n  (Wang and  N ic o l ,  1977; Zimmer e t  a l , , 1 9 7 9 ) ,  I n  
t h e  p r e s e n t  s tu d y  no r e c o r d s  w ere  t a k e n  u n t i l  h o u r  6 ,
D i f f e r e n t  p a t t e r n s  o f  Fjj w ere  d e m o n s tr a te d  d u i m g  n a p h th a ­
l e n e  e x p o su re  a t  h ig h  and  low s a l i n i t y .  L i t t l e  o v e r a l l  
change  i n  FH o c c u r r e d  a t  low s a l i n i t y ,  w h i l e  h e a r t  r a t e  
had  i n c r e a s e d  t o  46 and 89% above c o n t r o l s  i n  t h e  3 7 ,5  and  
75% T I^  d o s e s ,  r e s p e c t i v e l y ,  a t  t h e  24 h  p o i n t  o f  30 o /ooS  
e x p o s u re .  The i n c r e a s e  i n  F^ a t  30 o /o o  c o r re s p o n d s  w i th  
a  s l i g h t  i n c r e a s e  r e p o r t e d  i n  FH o f  C, c ra n g o n  a t  35 o /o o  
a f t e r  1 2  h  o f  e x p o su re  t o  a  c ru d e  o i l  w a t e r - s o l u b l e  f r a c t i o n  
(Edw ards, 1 9 7 8 ) .
No p r e v io u s  r e p o r t s  document b lo o d  f lo w  c h a r a c t ­
e r i s t i c s  i n  c r a b s  s u b j e c t e d  t o  p e t ro le u m  h y d ro c a rb o n  s t r e s s .  
The mean s t r o k e  volum e d e te rm in e d  f o r  s t e a d y  s t a t e  30 and 
10 o /o o  a c c l im a te d  C, s a p i d u s , r a n g e d  from  0 ,1 8  to  0 .37
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m l• b e a t " 123 g w et wt c ra b "^ -, T hese  v a lu e s  a r e  w i t h i n  t h e  
r a n g e  o f  m easu red  h e a r t  volum es o f  s i m i l a r  s i z e d  C, s a p id u s  
(d eF u r  and Mangum, 1 9 79 ) ,  S t r o k e  volume and , c o n s e q u e n t ly ,  
c a r d i a c  o u t p u t  i n c r e a s e d  s i g n i f i c a n t l y  d u r in g  a l l  n a p h th a ­
l e n e  e x p o su re s  e x c e p t  10 o /o o ,  37,5% T I^ ,  The i n c r e a s e d  
b lo o d  f lo w  o c c u r r e d  d u r in g  a t im e  when p o s t b r a n c h i a l  and  
p r e b r a n c h i a l  oxygen t e n s i o n s  w ere  r e d u c e d .  However, t h e  
re d u c e d  PA0£ ( c a .  40 t o r r )  s t i l l  a l lo w e d  t h e  r e s p i r a t o r y  
p ig m e n t  t o  b e  f u l l y  o x y g e n a te d  a t  t h e  g i l l .  The lo w e re d  
PVO2  f a c i l i t a t e d  d e l i v e r y  o f  oxygen t o  t h e  t i s s u e s  v i a  
hem ocyanin . T h is  r e s p o n s e  o c c u r r e d  c o n c o m i t t a n t l y  w i th  
a l t e r e d  hem ocyan in -oxygen  b i n d in g  c h a r a c t e r i s t i c s .  I n ­
c r e a s e d  oxygen a f f i n i t y ,  in d u c e d  by  b lo o d  a l k a l o s i s  p ro d u ce d  
a d d i t i o n a l  s t r e s s  upon t h e  c i r c u l a t o r y  sy s te m . T h is  was 
p a r t i c u l a r l y  e v id e n t  a t  30 0 / 0 0  (FIGURE 4 ) ,
P. p u g io  ex posed  t o  d im e th y ln a p h th a le n e  e x h i b i t e d  
r e d u c e d  r a t e s  o f  n i t r o g e n  e x c r e t i o n  ( D i l l o n ,  1 9 8 1 ) ,  Hemo- 
lymph ammonia l e v e l s  w ere  n o t  m easu red  by  D i l l o n ,  b u t  an 
i n c r e a s e  m ig h t  l e a d ,  i n  p a r t ,  t o  t h e  o b s e rv e d  i n c r e a s e  in  
pH o f  C. s a p id u s  hemolymph (Mangum e t  a l , ,  1976; T ru c h o t ,  
1 9 8 1 ) .  B lue  c r a b s  exposed  to  s u b l e t h a l  c h l o r i n e  p ro d u ce d  
o x i d a n t s  e x h i b i t e d  a  s i m i l a r  r e d u c t i o n  o f  ammonia e x c r e t i o n  
t o  t h a t  o b s e rv e d  f o r  t h e  g r a s s  sh r im p  (V reen eg oo r  e t  a l , ,  
1 9 7 7 ) .
The h ig h  do se  o f  n a p h th a le n e  a t  10 0 / 0 0  d id  n o t  
in d u c e  a downward s h i f t  o f  t h e  hem ocyanin  P5 Q. T h is  can
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b e  a t t r i b u t e d  t o  a  d e c r e a s e  i n  b lo o d  io n  c o n c e n t r a t i o n s  
and  i n c r e a s e d  w a te r  c o n t e n t ,  B oth  a  d i l u t i o n  e f f e c t  and  
lo w e re d  e x t r a c e l l u l a r  c h l o r i d e  l e v e l s  w ould  enh an ce  t h e  
u n lo a d in g  o f  oxygen .
A lth o u g h  t h e  a c c l i m a t i o n  o f  b l u e  c ra b s  to  s t e a d y  
s t a t e  s a l i n i t i e s  be tw een  10 and  30 o /o o  h a s  no  e f f e c t  on 
t h e  s e n s i t i v i t y  t o  n a p h th a le n e ,  u n d e r l y i n g  r e s p o n s e s  o f  
t h e  r e s p i r a t o r y  and  c i r u c l a t o r y  sy s te m  t o  n a p h th a le n e  a r e  
d i f f e r e n t  a t  10 and  30 o / o o .  Low s a l i n i t y  e x p o su re  i s  
c h a r a c t e r i z e d  by c o m p a r a t iv e ly  h i g h e r  v e n t i l a t i o n  volume 
and l e s s  e f f i c i e n t  o sm o t ic  r e g u l a t i o n .  High s a l i n i t y  
e x p o su re  in d u c e s  p e r s i s t e n t  i n c r e a s e s  i n  oxygen c o n su m p tio n , 
h e a r t  r a t e ,  s t r o k e  vo lum e, and  c a r d i a c  o u t p u t ,  w h i l e  
hemolymph e x h i b i t s  g r a d u a l ,  d o s e - r e l a t e d  a l k a l o s i s .
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SUMMARY AND CONCLUSIONS
R e s i s t a n c e  o f  C. s a p id u s  t o  n a p h th a le n e  does n o t  
change  w i t h  h ig h  o r  low  s a l i n i t y  a c c l i m a t i o n .  However, 
i n t e r a c t i o n s  be tw een  s a l i n i t y  and  n a p h th a le n e  o c c u r  w h ich  
in d u c e  d i f f e r e n t  p h y s i o l o g i c a l  r e s p o n s e s  a t  30 and  10 o /o oS . 
T hese  d i f f e r e n c e s  a r e  r e l a t e d  t o  m a in ta in e n c e  o f  1) o s ­
m o t ic  g r a d i e n t s  a t  low  s a l i n i t y  and 2 ) a c i d - b a s e  b a la n c e  
a t  h ig h  s a l i n i t y .
D uring  e x p o s u re ,  c r a b s  a c c l im a te d  t o  e i t h e r  h i g h  o r  
low s a l i n i t y  e x h i b i t e d  t r a n s i e n t l y  i n c r e a s e d  g i l l  v e n t i l a ­
t i o n  and i n c r e a s e d  b lo o d  p e r f u s i o n  o f  g i l l  s u r f a c e .  A c tu a l  
oxygen e x t r a c t i o n  e f f i c i e n c y  was u n chang ed , i n d i c a t i n g  t h a t  
p o s s i b l e  p a t h o l o g i c a l  e f f e c t s  m ig h t  have  o c c u r r e d  a t  t h e  
g i l l  e p i t h e l i a .  A d d i t i o n a l l y ,  c o n t r o l  c r a b s  showed b r i e f  
p a u s e s  i n  v e n t i l a t i o n  and  h e a r t b e a t ,  w h i le  c o n s t a n t  v e n t i ­
l a t i o n  and  h e a r t b e a t  o c c u r r e d  i n  n a p h th a le n e - e x p o s e d  i n d i ­
v i d u a l s .  C o in c id e n t  w i th  e l e v a t e d  v e n t i l a t i o n  and p e r ­
f u s i o n  w ere  lo w e re d  p r e b r a n c h i a l  oxygen t e n s i o n s .
Oxygen u p ta k e  r a t e  i s  n o t  a v i a b l e  i n d i c a t o r  o f  
c o n d i t i o n  o r  t o x i c  e f f e c t s  i n  C. s a p i d u s . The i n c r e a s e d  
VO2  upon n a p h th a le n e  e x p o s u re  r e p o r t e d  h e r e  was n o t  d o se -  
d e p e n d e n t .  L ik e w is e ,  v e n t i l a t i o n  volume and h e a r t b e a t  
f r e q u e n c y  v a r y  as com ponents o f  t h e  e n a n t i o s t a t i c  sy s te m  
r e f e r r e d  t o  e a r l i e r .  The a n a e r o b ic  m e ta b o l ism  o f  c r a b s
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m ig h t  be  o f  c o n s i d e r a b l e  im p o r ta n c e ,  e s p e c i a l l y  i n  a c c o u n t  
in g  f o r  t r a n s i e n t  ch an g e s  i n  t h e  com ponents o f  a e r o b i c  
m e ta b o l i s m  s t u d i e d  i n  t h i s  t h e s i s .
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